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EVALUATION OF LAKE MICHIGAN
NEARSHORE SEDIMENTS FOR
NOURISHMENT OF ILLINOIS BEACHES
ABSTRACT
Twenty boreholes drilled in 1979 and eighteen boreholes drilled in 1976
near Great Lakes and Waukegan Harbors provided information on the poten-
tial of six nearshore areas of sediment accumulation for providing beach
nourishment material. Data from nine boreholes in the vicinity of Winnetka
and Northwestern University were also included for comparison. Data on
thickness and volume of usable sediment, grain-size characteristics, and
organic and inorganic chemistry were obtained from the borehole samples.
The average thicknesses of sediment in three areas near Waukegan Harbor
ranged between 6 and 15 ft (1.8 and 4.6 m). In the Great Lakes Harbor
areas, average thicknesses were between 5 and 11 ft (1.5 and 3.4 m).
Average grain sizes for the areas around Waukegan Harbor were 2 . 994) (0.13 mm),
2.68<J> (0.16 mm), and 3.32(f) (0.10 mm). The areas near Great Lakes Harbor
showed average grain sizes of 3.21<J> (0.11 mm), 2.86(1) (0.14 mm), and 3.10<j)
(0.12 mm). Most beaches sampled by the Illinois Division of Waterways were
composed of sand with average grain sizes larger than 2.04) (0.25 mm). Com-
parisons of the potential borrow material with that of the native beaches
indicated that they were not compatible. The estimated amount of additional
borrow material (overfill) needed to provide a specific volume with a
grain-size distribution equivalent to that of the native beach varies from
a minimum of 3 to greater than 10 times the specific volume. Thus sand
from these borrow areas should not be considered satisfactory material for
direct beach nourishment.
Organic chemical analyses for seven pesticides and PCBs detected
only a polychlorinated biphenyl (PCB) in the samples recovered from four
boreholes. This PCB, Aroclor 1254, had its highest measured concentration,
0.69 ppm (sediment containing 10 ppm or greater is considered polluted
according to EPA guidelines), in Great Lakes Harbor. Inorganic analyses
for eighteen samples indicated no atypical elemental concentrations when
compared with sediment from other areas of Lake Michigan except for high
concentrations of copper, lead, mercury, tantalum, and zinc in two silt
samples from one core in Great Lakes Harbor.
INTRODUCTION
A major portion of the Illinois shore of Lake Michigan shows the effects
of erosion that resulted from the high lake levels of the 1970s. Among
these effects are diminishing beaches, which line most of the shore.
Some of the changes in beach width are due to short-term factors such
as storms and yearly fluctuations in the lake level. More important,
however, are the longer term changes in lake level, which occur in
irregular cycles ranging from about 10 to more than 20 years in length.
Beaches become narrow or disappear during successive years of high lake
levels, but usually reestablish themselves during subsequent years of
lower lake levels. For the most part, erosion and accretion offset each
other, but if they are analyzed over several cycles, accretion generally
does not entirely regain the ground lost to erosion.
The absence of a beach or the presence of a narrow beach may permit
the full energy of the waves to impinge on the toe of the till bluff and
to undercut the bluff face, causing slumping. After the slump has been
disaggregated and dispersed by the waves and littoral current, the denuded
bluff is susceptible to even greater erosion. As the bluff retreats, so
do the beaches. If sufficient beach width can be maintained to prevent
wave attack on the toe of the bluff, however, an important cause of bluff
retreat will be stopped.
Along the Illinois shore, groins have been widely used for maintaining
beaches. Longshore drift trapped by these groins provides a buffer between
the lake and the bluff. Nevertheless, because an increasing number of
groins have captured portions of the littoral drift, and because the
littoral drift that moves south from Wisconsin into Illinois has apparently
decreased, many of the beaches are not wide enough to prevent erosion of
the bluff toe during high lake levels or during severe storms. Under these
circumstances, it is necessary not only to build groins but to artificially
fill them with sediment during years of lean drift. This sediment should
be of a suitable grain size to provide a stable beach wide enough to
prevent erosion of the bluff toe.
Unprotected eroding beaches (e.g., Illinois Beach State Park) can be
nourished by the direct addition of sediment to the eroding area or to
the area immediately updrift from the eroding area. This measure is more
temporary, however, than building a beach by interrupting the littoral
sediment with groins, because sediment must be added periodically to
maintain beach width—more often during periods of high lake levels. If
the downdrift beach zone is accreting, material can be recycled (if this
is economical) to the updrift eroding portions of the beach, thereby
reducing the amount of new material to be added to the beach. An unpro-
tected beach that is eroding only slightly can probably be maintained
with nourishment during periods of high lake levels or whenever needed.
This report provides data on nearshore borrow areas that may contain
sediment of a grain size suitable for use in nourishing the various types
of Illinois beaches.
PURPOSE AND SCOPE
During June 1979, twenty boreholes were drilled in the nearshore sands
around Waukegan and Great Lakes Harbors (figs. 1 and 2). Studies of
samples and logs of these boreholes yielded information on the grain-size
characteristics, thickness of sediments, areal extent of nearshore sand
bodies, and amounts of chemical pollutants contained in the sediment.
These data will be used by the Department of Transportation, Division
of Water Resources, to determine the suitability of sand for direct beach
nourishment or for its use in conjunction with other materials for main-
taining beaches. These boreholes also provide supplemental information
on depths to till or bedrock, which will be valuable in correlating off-
shore subsurface information with onshore records.
Along with the 1979 data presented in this report, information is
also included on eighteen nearshore boreholes drilled in July 1976 in
the vicinity of Waukegan and Great Lakes Naval Training Center (NTC)
Harbors (figs. 1 and 2), and nine boreholes located around Wilmette
Harbor and Northwestern University in Evanston (fig. 3). Some of this
information was previously presented by Norby and Collinson (1977).
The Illinois State Geological Survey (ISGS) supervised the drilling
program, recorded drilling data and collected samples for laboratory
analyses. The 1979 drilling was performed under subcontract by Soil
Testing Services, Inc. of Northbrook, Illinois, whereas the 1976 drilling
was performed under subcontract in cooperation with the U.S. Army Corps
of Engineers. Barge and tug services were contracted to Falcon Marine
Company of Waukegan, Illinois. During the 1979 drilling, ISGS personnel
completed a hydrographic survey in the drilling area, so that recent
bottom topography could be mapped. Such mapping is necessary for com-
puting sediment volumes.
METHODS
Field methods
Information provided by hydrographic mapping and previous drilling (July
1976) determined the selection of borehole locations that best satisfied
our objectives. As the drilling progressed, the drill hole locations were
adjusted according to data obtained. In the 1979 drilling, a truck-mounted
Mobile drill rig (model B61 ) was secured to a barge to provide a floating
drilling platform; a truck-mounted Failings drill rig was used in the 1976
drilling. The barge was positioned at each drilling site by tug boat. The
position of each hole was determined by radar with triangulation checks of
known shore locations. In the 1976 drilling, position was determined by tri-
angulation with two alidades set up on the shore. On station, the barge
was anchored to the bottom by means of two 30-ft (9.1 m) stiff-leg spuds.
In the drilling operation, casing was set from the platform to the lake
bottom, with the exception of the 1976 drilling, when no casing was used.
After each sample was taken, the casing was extended and driven into the
bottom.
Samples were obtained by one of three methods. With the standard
method, which was used to obtain samples for grain-size analysis only,
a 1-3/8 in. (3.8 cm) inside diameter (ID) split-spoon sampler was attached
to the end of a hoi low- stem drilling rod, lowered through the casing,
and driven 18 in. (45.7 cm) into the bottom by either a 140-lb (63.6 kg)
drop hammer or by a 350-1 b (158.9 kg) hammer, which shortened the sampling
time. The sampler was withdrawn from the hole and the sample was collected
and recorded. The hole was drilled down through the last sampled interval
and flushed. The sampler was then driven another 18 in. (45.7 cm) and
the process was repeated.
The second method was used to obtain samples for organic and inorganic
chemical analyses as well as for grain size. This method differs from
the first only in that the sampler consists of a 5-ft (1.5 m) stainless
steel Shelby tube, 2.84 in. (7.22 cm) ID and 3.0 in. (7.62 cm) outside
diameter (0D). The inside of the Shelby tube was washed with detergent,
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Figure 1. Location of boreholes and nearshore sediment areas near Waukegan Harbor.
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Figure 3. Boreholes drilled near Wilmette Harbor and Northwestern University in July 1976.
rinsed with acetone, and rinsed again with nannograde hexane. A chemically
clean Shelby tube was necessary to obtain sediment samples for chemical
analyses without introducing any additional chemical contaminants from
the tube or in taking the sample.
The third methoa was used exclusively during the 1976 drilling phase
to obtain samples for grain-size analysis. The sampler that was usually
used had a 2-in. (5.1 cm) diameter core barrel (although a 3-in. [7.6 cm]
diameter core barrel was occasionally used) and was 5 ft (1.5 m) in length.
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The sampler and extension drilling rods were lowered through the water
column without casing, then were driven 5 ft into the bottom sediment with
a 140-1 b (63.6 kg) hammer. The sampler was retrieved and the core was
extruded, described, and subsampled. To obtain core samples from the
second and the successive 5-ft intervals, the sampler was "pump washed"
down to the level where the previous 5-ft interval ended, then the sampler
was driven an additional 5 ft. In the "pump wash" method, water is pumped
down through the hollow drilling rods and sampler to flush out unconsoli-
dated sediments at the bottom of the hole.
The drilling records of each borehole drilled in 1976 and 1979 are
given in appendix A.
Laboratory methods
TABLE 1 Grain-size classification and sieves
used in grain-size analysis 3
Standard grain-size analyses were performed with a series of thirteen sieves
(U.S. Standard Sieve Series) at 0.5-phi (<j>) intervals. Table 1 shows the
grain-size classification used in this report. Tables 2 through 6 contain
a summary of the composite mean grain size, sorting, number of samples
analyzed, percentage of sediment coarser than 2<J> and 2.5<J>, as well as
other physical data for each borehole. A complete grain-size analysis
of each sample from 1976 and 1979 is given in appendix B.
The grain-size values for each
1 .5-ft (45.7 cm) split-spoon sample
were mathematically averaged to ob-
tain a composite sample for the core.
The gravel lag, found where the sand
and the underlying till meet, was gen-
erally excluded form the composite,
particularly in the deeper cores,
since the gravel probably would not be
recovered because of its proximity to
the till subbottom (subbottom is any
unit below the sand). The inclusion
of this lag would shift the mean and
class percentages to the coarser end
of the scale and thus imply a coarser
sand than is actually present. In the
5-ft (1.5 m) cores, which were more
nearly complete, the samples were di-
vided at close intervals (3 to 10 cm)
in the upper portion of the first 5-ft
(1.5 m) core to obtain more detailed
chemical information for that interval.
Samples for the remainder of the core
and for the second core were either
divided at boundaries where grain-
size changes were discernible, or at
regular intervals. For each core, sam-
ples were statistically weighted and
averaged to obtain a composite sample.
The 5-ft cores for 1976 were sampled
in a similar manner, although no sam-
ples were taken for chemical analysis.
Two splits from each sample
from the upper parts of each core were
analyzed for high-chlorinated hydrocar-
bons (pesticides and PCBs) and for aData from Wentworth (1922) and Krumbein (1934).
Class limiIts
U.S. Standard
Size class (mm) () sieves
Boulder :
256.00 -8.0
Cobble
64.00 .-6.0
Pebble
4.00
2.83
-2.0
-1.5
5
Granule 7
1.41
.-1.0
-0.5
If)
Very coarse sand 14
1.00
0.71
.
0.5
Ifi
Coarse sand 25
0.50
0.35
1.0
1.5
35
Medium sand 45
0.25
0.177
.
2.0
2.5
60
Fine sand 80
0.125
0.088
.
3.0
3.5
120
Very fine sand 170
0.062 4.0 230
Silt
0.0039 . 8.0
Clay
TABLE 2. Borehole information and grain-size data obtained in June 1979 drilling south
of Waukegan Harbor
L. Michigan
borehole
(fig. l)
Water depth
(ft)
Thickness
of sand
(ft)
Subbottom
encountered
Composite grain size3
Composite
% larger
than 2*
(0.25 mm)
grain size3
Mean Sorting
(*) (*)
"
N
/o larger
than 2.5*
(0.18 mm)
1162 18.5 8.0 Till 2.90 0.64 5 8.1 22.0
1163 16.5 8.5 Till 2.86 0.79 11 7.5 23.2
1164 16.5 9.0 Till 3.43
b
NC 6 7.5 21.0
1165 19.5 6.1 Till 2.60 0.41 9 7.4 39.0
1166 18.0 19.5 Rock? 3.05 1.105 13 12.5 31.9
1167 25.0 0.8 Till 3.44 NC 1 3.2 8.5
1168c 18.0 9.0 and Rock
9.0 gravel
2.94 0.52 4
d
2.6 12.0
1169 17.5 3.8 Rock? 3.60b 1.18b 3 3.9 17.9
1170 15.0 7.4 Rock? 2.84 1.16
b
5 13.7 30.6
1171 15.0 5.8 Till 2.83 0.70 4 8.5 25.1
Composite grain size obtained by averaging samples for the core and does not include the few in.
b
of gravel immediately above the subbottom.
Value is estimated because cumulative curve is slightly off the graph at the 84th or 95th
percentiles.
This borehole is apparently in a pocket caused by glacial plucking of bedrock; the lower 9 ft
d
are coarse gravel and small cobbles—all angular and primarily of dolomitic limestone.
Only upper 4 samples analyzed.
NC = not calculated, because cumulative curve is off. the graph at the 95th percentile.
inorganic elements. The organic chemistry was analyzed in the Natural
History Survey laboratories, and the inorganic analyses were determined
by the ISGS laboratories. The analytical methodology used for the high-
chlorinated hydrocarbons is a revised technique developed by the Natural
History Survey based on standard gas chromatography methods used by the
Food and Drug Administration (Ron Duzan, personal communication). The inor-
ganic analyses include x-ray fluorescence spectroscopy, atomic absorption
spectroscopy, instrumental neutron activation analysis, neutron activation
with radiochemical separation, and standard gravimetric analysis for the
determination of total inorganic carbon and total carbon. These are
standard techniques and have been described by Cahill (1981).
Hydrographic methods
At the same time the drilling program was in progress, bathymetric mapping
was completed around Waukegan and Great Lakes NTC Harbors. The bathymetric
data were gathered to assist in finding the greatest accumulation of sedi-
ment and to determine if any change in bottom topography had occurred since
the mapping in 1974 (ISGS, 1975).
Comparing maps made in 1974 with the present map of the Waukegan area
(adjusted to compensate for lake level changes) suggests that 2 to 3 ft
(0.6 to 0.9 m) of sediment were gained in an area immediately south of
the Commonwealth Edison pier and in areas with water depths of 5 ft (1.5 m)
or less. Much of the remainder of this stretch between Waukegan Harbor
and Commonwealth Edison Pier, however, lost between 1 and 4 ft (0.3 to
1.2 m) of sediment since 1974. Examination of an unpublished 1975 bathy-
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TABLE 3. Borehole information and grain-size data obtained in June 1979 drilling
around Great Lakes Harbor
L. Michigan
Water depth
(ft)
Thickness
of sand
(ft)
Subbottom
encountered
Composite grain size3
Composite
% larger
than 24>
(0.25 mm)
grain size3
% larger
than 2.5*
(0.18 mm)
borehole
(fig. 2)
Mean Sorting
(40 (40
"
N
1172 13.0 11.5 Silt 3.25 0.53 7 2.3 5.3
1173 3.5 21.5 Silt 2.83 0.51 3 1.9 17.2
1174 18.0 5.0 Rock? 2.91 0.35 6 1.0 7.2
1175 20.0 11.5 Silt 3.43 0.47 4 3.4 5.0
1176 21.2 4.6 Silt 3.59 0.39 3 0.8 1.0
1177 21.5 5.5 Silt 3.53 0.57 b 5 0.6 2.3
1178 21.0 7.0 Silt 3.36 0.49b 5 4.3 6.3
1179 16.8 6.3 Silt 3.14 0.56 b 3 1.8 7.0
1180 5.5 20. C ? 3.00 0.63 b 4 4.3 13.4
1181 5.5 20. C ? 2.76 0.62
b
3 4.6 26.3
^Includes all sediment above subbottom.
Value is estimated because cumulative curve is slightly off the graph at the 95th percentile.
Estimated thickness.
metric map of this area on file at the Survey shows that most of this
loss occurred between the summers of 1974 and 1975.
South of Waukegan Harbor, 2 to 3 ft (0.6 to 0.9 m) of sediment has
accumulated in depths of 10 ft (3.0 m) or less in the area immediately
south of the south jetty. At depths of 12 ft (3.7 m) or more, the sedi-
ment accumulation did not differ by more than 1 ft (0.3 m) from the
1974 maps. The small differences may be real, or they may be errors
caused by small inaccuracies in mapping or by different profiling patterns
employed for the two maps.
Comparing maps of the Great Lakes NTC Harbor area made in 1974 (ISGS,
1975) with current maps indicates there has been no significant change
in bottom topography north or south of the Great Lakes NTC Harbor struc-
ture. Minor differences of about 1 ft (0.3 m) could be caused by the
reasons given above. Within the outer harbor jetties, minor spot accumu-
lations or losses were noted. One area, just south of and midway along
the north jetty, has 1 to 3 ft (0.3 to 0.9 m) of accumulation; another
area just west of the southern tip of the east breakwater has about 3 to
4 ft (0.9 to 1.2 m) of accumulation.
The change or lack of change in bottom topography is not surprising.
The lake levels during the 1974 survey (581.1 ft or 177.0 m IGLD [Inter-
national Great Lakes Datum]) and during the 1979 survey (580.0 ft or 176.7 m)
were only slightly different. Between 1974 and 1979, the lake level did not
vary substantially. At the time of the 1974 survey, the lake level had
almost reached its peak after a dramatic rise which began in the mid-1960s.
The nearshore lake bottom, for the most part, had apparently adjusted to the
rises in lake level by 1974 or 1975. Little change has occurred since then,
with the exception of an area north of Waukegan Harbor that had adjusted
by 1975. No surveys were made between 1975 and 1979 in this area;
therefore, slight variations in the bottom topography may have occurred
during this time.
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TABLE 4. Borehole information and grain-size data obtained in July 1976 drilling
around Waukegan Harbor
L. Michigan
borehole
(fig. l)
Water depth
(ft)
Thickness
of sand
(ft)
Subbottom
encountered
Composite grain
Mean Sorting
size3
N
Composite
% larger
than 2<J>
(0.25 mm)
grain size3
% larger
than 2.5*
(0.18 mm)
1135 17.5 8.0 Till 2.81 1.18 7 21.2 34.4
1136 b 17.8 6.0 and ?
11.0 gravel
0.17 NC 16 66.1 74.7
1137 14.8 8.0 Till? 3.01 1.11 14 15.6 45.8
1138 24.8 8.5 Till? 2.54 1.07 10 9.5 20.7
1139 27.6 6.0 Till? 3.03 0.90 8 11.6 23.2
1140 28.8 4.5 Till 2.47 1.96 4 22.7 31.1
1141 11.7 22.2 Till 3.17 0.81 16 6.7 12.2
1142 18.8 15.5 Till 3.37 0.42 10 3.7 5.7
1143 26.0 11.0 Till 3.47 0.45 6 2.8 5.2
1144 22.5 15.8 Till 3.25 0.59 10 6.2 9.7
1145 14.3 18.2 Till? 3.17 0.57 10 5.2 10.2
Average composite grain size was calculated from weighted samples and includes all sediment
above the subbottom; therefore, the presence of coarse sand and gravel just above the subbottom
causes the composite grain size to appear slightly coarser than if only the sand samples were
.analyzed.
This borehole is apparently in a pocket caused by glacial plucking of bedrock; the lower 11 ft
are coarse gravel and small cobbles—all angular and primarily of dolomitic limestone or
dolomite.
NC = not calculated, because cumulative curve is off the graph at the 5th and 16th percentiles.
BOREHOLE RESULTS
Sediment distribution around Waukegan Harbor
The drilling data and fathometer survey indicate that three areas (A, B,
and C) of moderate sediment accumulation exist around Waukegan Harbor
(fig. 1). Area A, south of the south harbor jetty, consists of approximately
250 acres (100 ha). Nine boreholes from the 1979 drilling (table 2) and
three holes from 1976 (table 4) indicate that area A has an average thick-
ness of 9.9 ft (3.02 m) of sediment. Because the boreholes do not repre-
sent equal areas and because the subbottom has an irregular topography,
some adjustment in this average thickness is necessary. Thicknesses
generally range between 7.4 and 9.0 ft (2.25 and 2.74 m)in six boreholes.
Three boreholes (LM 1136, LM 1166, and LM 1168) show unusually high thick-
nesses for the area. Two of these three holes have an upper unit of sand
and a lower unit that ranges between a very poorly sorted (a = 2 to 4)
and an extremely poorly sorted (a>4) sediment consisting primarily of
an angular doloclastic gravel. (Sigma [a] is a sorting coefficient, or
the standard deviation from the mean grain size.) The gravel was possibly
derived from glacial abrasion of bedrock highs composed of dolomite, some
of which are only a few hundred to a few thousand feet to the north and
east. The gravel unit lies below the elevation of the top of the till
subbottom, and may be in a pocket scoured out of the till by the glaciers
or in an ancient outlet channel from the Lake Michigan Basin. An
adjustment made by subtracting the gravel unit in the two atypical bore-
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TABLE 5. Borehole information and grain-size data obtained in July 1976 drilling
around Great Lakes Harbor
L. Michigan
borehole
(fig. 2)
Water depth
(ft)
Thickness
of sand
(ft)
Subbottom
encountered
Composite grain
Mean Sorting
(*) ()
size3
N
Composite
% larger
than 2<f>
(0.25 mm)
grain size3
% larger
than 2. 5*
(0.18 mm)
1146 18.8 7.0 Silt 3.32 0.46 4 0.9 1.8
1147 26.4 8.0 Silt 3.43 0.56 4 1.7 3.8
1148 14.5 4.5 Silt 3.30 0.42 3 1.1 4.1
1149 19.3 13.2 Silt 2.98 0.45 7 3.3 12.6
1150 19.3 4.2 Silt 3.15 0.40 4 3.0 4.8
1151 22.8 3.0 Silt 3.53 0.47 3 0.6 1.2
1152 14.5 0.0 Silt — — — — —
Includes all sediment above the subbottom.
holes results in sand thicknesses of 6 and 9 ft (1.8 and 2.7 m). The
third atypical borehole is all sand and apparently lies in a pocket or
channel. The adjusted average thickness for the boreholes is now 8.3 ft
(2.53 m), which is typical for the area. Area A contains a volume
between 3.0 and 3.5 x 10 6 cu yd (2.3 and 2.7 x 10 6 cu m) of sediment.
The average grain size for the sediment in eleven of the twelve boreholes
is 2.99(f) (0.13 mm). Borehole LM 1136 is not used in this calculation
because the average for the borehole includes a lower unit of angular
doloclastic gravel and cobbles. This average is not weighted between
boreholes but is a useful guide to the general grain size for the volume
represented.
Area B, east of the Waukegan Harbor mouth, consists of approximately
90 acres (36 ha). The bottom and subbottom configuration is significantly
TABLE 6. Borehole information and grain-size data obtained in July 1976 drilling in the
vicinity of Wilmette Harbor and Northwestern University
L. Michigan
borehole
(fig. 3)
Water depth
(ft)
Thickness
of sand
(ft)
Subbottom
encountered
Composite grain size3
Composite
% larger
than 2*
(0.25 mm)
grain sized
% larger
than 2.5*
(0.18 mm)
Mean Sorting
(*) ()
'
N
1153 16.3 Silt/clay — — — — —
1154 19.1 Silt/clay — — — — —
1155 15.8 Silt/clay — — — — —
1156 14.1 5.0 Silt/clay 3.25 0.33 2 0.5 1.4
1157 20.3 2.9 Silt/clay 3.52 0.38 1 2.6 3.7
1158 10.3 11.0 Silt/clay 2.85 0.71 7 10.4 22.2
1159 14.5 8.3 Silt/clay 2.85 0.36 4 2.6 19.0
1160 10.7 6.7 Silt/clay 2.80 0.61 3 6.2 20.0
1161 22.3 0.2 Silt/clay -1.18 b NC 1 93.5 94.7
Average composite grain size was calculated from weighted samples and includes all sediment
above the subbottom; therefore, the presence of coarse sand or gravel above the subbottom
causes the composite grain size to appear slightly coarser than if only the sand samples were
.included.
Value is estimated because cumulative curve is slightly off the graph at the 16th percentile.
NC = not calculated because cumulative curve is off the graph at the 5th and 16th percentile.
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irregular; therefore, the 6.3 ft (1.9 m) average thickness for the three
holes drilled there in 1976 is only approximate. Using this measurement
as the average thickness, a sediment volume of approximately 0.9 x 10 6
cu yd (0.69 x 10 6 cu m) was calculated. The grain size for the three
holes varies greatly and averages 2.68<J) (0.16 mm).
Area C comprises approximately 450 acres (182 ha) and lies between
Waukegan Harbor's north jetty and the Commonwealth Edison pier. The
average sediment thickness is about 15 ft (4.6 m), based on four bore-
holes and bottom and subbottom profiles. Approximately 11 x 10 6 cu yd
(8.4 x 10 6 cu m) of sediment underlies area C. The average grain size
for the four holes drilled here in 1976 is 3.32<j> (0.10 mm). The grain
size in area C, as in other areas, becomes slightly coarser closer to
shore, as suggested by the grain size (3.15(j) or 0.11 mm) in LM 1141.
The subbottom is generally till, but bedrock is believed to be present
in several boreholes.
Sediment distribution around Great Lakes Harbor
Three main areas (D, E, and F) of sediment accumulation can be
delineated around and within Great Lakes NTC Harbor (figs. 2 and 4).
Area D covers about 95 acres (38 ha) immediately south of the outer
harbor entrance, where sediment has accumulated downdrift from the
harbor structure. Two boreholes were drilled within the boundaries of
area D in 1976, and another five were drilled in 1979. Five additional
boreholes were drilled near the area, but grain size was too fine for
consideration or the thickness was less than 5 ft (1.5 m), so the addi-
tional area was not included in area D. The average thickness of sediment
for the seven boreholes in area D is 7.5 ft (2.3 m). Two holes, LM 1149
and LM 1175, show greater thicknesses. Borehole LM 1149 at the harbor
entrance contains 13.2 ft (4.0 m) of sediment, which probably lie in a
natural or artificial channel in the subbottom. A subjective but more
realistic thickness average of 6.5 ft (2.0 m) was used to calculate the
volume of 1.0 x 10 6 cu yd (0.76 x 10 6 cu m) of sediment available in
area D. The average grain size for the seven holes is 3.21<J) (0.11 mm).
All boreholes encountered a subbottom of stiff gray silt, with the excep-
tion of borehole LM 1174, which has a bedrock or a boulder subbottom.
Area E covers about 15 acres (6 ha) inside the outer Great Lake
NTC Harbor along the north and east walls of the northern jetty. Three
boreholes (LM 1173, LM 1180, and LM 1181), all incomplete, provided some
information on volume and grain size. Split-spoon samples, taken in
hole LM 1173 to a depth of 4.5 ft (1.4 m), indicated the material to be
sand. Beyond that depth, the samples could not be retained in the sampler
because the sediment was less compacted than that encountered in other
boreholes. Borehole LM 1173 was drilled to a subbottom (of silt) to
determine its total thickness, but samples were not recovered. The unit
below the upper sand unit is approximately 3 to 5 ft (0.9 to 1.5 m) thick.
This unit appeared less consolidated, inasmuch as the casing and drilling
tool sank part of the way through the unit, driven only by the weight of the
drilling equipment. The next unit below the unconsolidated unit seemed
more typical of a compacted sand, according to the driller.
At borehole LM 1180 a core was recovered for chemical and physical
analyses. A 5-ft (1.5 m) tube was driven 8 ft (2.4 m) into the bottom,
which compacted the sediment and permitted the successful recovery of
the sample. After the sample was extracted, it was discovered that the
lower portion of the core, about 18 in. (45.7 cm) thick, consisted of black
organic sediment primarily composed of silts and clays. This portion
14
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Figure 4. Location of the three nearshore sediment source areas near Great Lakes Harbor.
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of the core probably represents the highly unconsolidated second unit
encountered in borehole LM 1173, and is believed to be about 3 to 5 ft
(0.9 to 1.5 m) thick. A thickness of 3.5 ft (1.1 m) of compacted sand
(or approximately 4.8 ft or 1.5 m natural thickness) was recovered from
the core. Hole LM 1181 was drilled 5 ft (1.5 m) away, and split-spoon
samples were taken to verify the 4.8-ft (1.5-m) thickness of the upper
sand unit. The samples from the three holes show a grain size of 2.86<|>
(0.14 mm), and an estimated thickness of 5 ft (1.5 m), so that the volume
is calculated to be 130,000 cu yd (99,000 cu m). No other area within the
harbor was examined for potential sand resources.
Area F, totaling 100 acres (40 ha) north of the harbor, is
divided into two areas, Fl and F2, by the Great Lakes NTC aqueduct.
Two boreholes (LM 1146 and LM 1172) in area Fl, immediately north of the
harbor, have an average thickness of 9.25 ft (2.82 m). Because these
boreholes are on the thinner edge of the 20-acre (8 ha) area, the average
thickness for area Fl is estimated at 11 ft (3.35 m), which results in a
volume of 350,000 cu yd (267,000 cu m). The average grain size is 3.29<J>
(0.10 mm) for the two boreholes but the grain size closer to shore is
probably 3 . 0cf> (0.125 mm); therefore, an estimate of 3.1({) (0.12 mm) is
used as an overall average.
Area F2 is a triangular area extending from north of area Fl to the
North Chicago waterworks. No boreholes have been drilled in this 80-acre
(32 ha) area, but an analysis of bottom and subbottom data from nearby
areas suggests that the average sediment thickness is 8 ft (2.4 m). This
yields a volume of 650,000 cu yd (496,000 cu m). Again, the grain size
is estimated to be 3.1$ (0.12 mm).
Other areas containing thin accumulations of sand (approximately 5
ft or 1.5 m) with grain sizes of about 3.0(J) can be found along much of
the shore.
CHEMICAL ANALYSES
Organic analyses
Thirty-two samples from four cores—two cores (LM 1163 and LM 1165) south
of Waukegan Harbor and two (LM 1174 and LM 1180) around Great Lakes NTC
Harbor—were analyzed for pesticide content. The pesticides determined
are listed in table 7, along with the detection limits in parts per
billion (ppb). At these detection limits, only the polychlorinated
biphenyl (PCB) Aroclor 1254 was detectable (table 8). Another PCB,
Aroclor 1242, was not detected, nor were any of the other high-chlorinated
pesticides, including the usually per-
sistent Dieldrin. Analyses were made TABLE 7. High-chlorinated hydrocarbons and
for orthophosphates in the upper few their threshold limit
samples from each core but none were u . . n«+«-*<«« n„ur.,,„j Hydrocarbon Detection limit
round. (ppb)
The presence of Aroclor 1254 in ... . 180
these nearshore sediments is unusual
.
It Dieldrin o!oi5
is one of the most resistant (least Heptachlor o.on
degradable), least volatile, least sol- Heptachlor epoxide 0.021
uble, and least mobile PCB of the PCB ddt 0.530
family (Griffin and Chi an, 1979). The ode 0.980
amounts of Aroclor 1254 in the samples are Chlordane 1.410
very low; they present no environmental Aroclor 1254 3.220
danger if the sediment was used for Aroclor 1242 5.170
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Table 8. Amounts of Aroclor 1254 found in Lake Michigan nearshore sediments
Borehole LM 1163 Borehole LM 1165 Borehole LM 1174 Borehole LM 1180
Depth Aroclor 1254 Depth Aroclor 1254 Depth Aroclor 1254 Depth Aroclor 1254
(ft) (ppm) (ft) (ppm) (ft) (ppm) (ft) (ppm)
0-0.2 0.026 0-0.4 0.023 0-0.4 0.112 0-0.2 0.693
0.5-0.8 0.031 0.4-1.1 0.013 0.4-1.2 0.116 0.2-1.1 0.292
1.0-1.3 0.039 1.1-1.8 0.018 1.2-2.0 0.077 1.1-2.2 0.095
1.5-1.8 0.033 1.8-2.5 0.243 2.0-2.9 0.075 2.2-3.8 0.294
2.1-2.5 0.012 2.5-3.2 0.015 2.9-5.0 0.131 3.8-4.8 0.392
3.0-3.3 0.015 3.2-4.0 0.0 4.8-5.6 0.292
4.3-4.6 0.027 4.0-5.0 0.0 5.6-6.4 0.250
5.2-5.6 0.001 5.0-5.5 0.0 6.4-7.8
a 0.237
.6.2-6.6 0.0 5.5-6.1 0.0
7.2-7.6 0.018
8.2-8.5 0.018
Sample missed in original analysis and analyzed in May 1980.
beach nourishment. The highest value of Aroclor 1254 was 0.69 ppm in
the uppermost sample of the core (LM 1180) inside the outer harbor of
the Great Lakes Naval Training Center. The U.S. Environmental Protection
Agency, in its "Guidelines for the Pollutional Classification of Great
Lakes Harbor Sediments" (1977), states that sediment with more than 10 ppm
PCBs is considered polluted, and sediment with more than 50 ppm PCBs is
considered hazardous. The PCBs in the nearshore sediments may originate
from accidental or inadvertent disposal of PCB-containing fluids directly
into Lake Michigan or into a waterway that leads into Lake Michigan.
The following items contain PCBs in concentrations up to or greater than
500 ppm: dielectric fluids used in capacitors and transformers; fluids
used in heat transfer systems; hydraulic fluids used primarily in indus-
trial machines; and impurities in some pigments (U.S. EPA, 1980).
The distribution of Aroclor 1254 in core LM 1163 is interesting in
that low levels of it exist even at the 8.2 to 9.5 ft (250 to 260 cm)
depth. Aroclor 1254 is wery immobile and strongly adheres to particle
surfaces after it comes into contact with sediment. According to Griffin
and Chian (1979), the amount adsorbed onto particles depends primarily
on the organic carbon content and surface area of the sediment. There-
fore, if only sand, silt, and clay are involved, adsorption potential
will follow the series clay > silt > sand (Griffin and Chian, 1979).
Thus, a sediment consisting primarily of silt and/or clay would have the
potential of adsorbing larger quantities of PCBs than sand. The presence
of PCBs at depths of 8.2 ft (250 cm) seems highly improbable, based on
the mobility of the compound. Sediment containing PCBs, however, could
be redistributed, mixed, or covered with additional sediment, which could
result in PCBs at these depths.
In LM 1163, PCBs were present from the sand-water interface down to
the sand-bedrock/ till interface. Sand near where core LM 1163 was taken
probably moves to some extent, but bathymetric surveys conducted
by ISGS in 1974 and 1979 indicate that a change of only 2 to 3 ft (0.6 to
0.9 m) occurred between those dates and the present. Possibilities exist
that much greater changes may have occurred between 1872 and the present.
The lake bottom in this area may have been bare at some time since 1929
(the first year PCB compounds were manufactured; Griffin and Chian, 1979)
so that mixed sediment containing small amounts of PCBs could have been
deposited throughout the 8.5 ft (2.5 m) of accumulated sediment. Another
possible cause for the presence of PCBs in the samples is that they were
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contaminated during retrieval of the core or during extrusion and sub-
sampling of the core in the laboratory. This particular core could not
be extruded by conventional methods because of settling and friction of
the core on the sides of the barrel. The core barrel was sawed into
several sections and then extruded section by section. During this
extrusion process and the division of the core into samples, minor con-
tamination may have occurred in the lower part of the core, producing
the low level of PCBs recorded.
The analysis for core LM 1165 shows that low levels of Aroclor 1254
were present to 3.2 ft (97 cm) below the sediment-water interface, and
none were present below that depth. The presence of PCBs at this depth
is probably due to the reworking of sediment containing PCBs. The PCBs
do not occur below the color (Munsell color charts) change boundary
from 10YR 3/2 (oxidized sediment) to 2.5YR 4/2. Note that PCB values
are at an order of magnitude greater within the 1.8 to 2.5 ft (55 to 77 cm)
interval. This higher level could be caused by a discharge of PCB-
containing fluid or some other substance in the area of LM 1165, when
sediment of this interval was at the sediment-water interface.
Aroclor 1254 is present throughout the entire LM 1174 core, to its
depth of 5.0 ft (152 cm). This core is near the mouth of Great Lakes
(NTC) Harbor; all of the sediment could easily have been reworked
naturally or by dredging near the harbor mouth.
Core LM 1180 occurs within the outer harbor at Great Lakes NTC,
near the northern breakwater. All the sediment within this area is
loosely compacted and has probably accumulated since 1964 (the year the
area was last dredged). The accumulation is due to sediment washing
over the northern breakwater. The concentration of Aroclor 1254 in the
sediments is somewhat higher here, possibly caused by PCB-contaminated
water flowing into Great Lakes Harbor along Petti bone Creek. This
factor adds to the low concentrations probably already present in the
sediment before it washed over the northern breakwater.
Inorganic analyses
Inorganic analyses for major, minor, and trace elements were performed
on a sample split from the same intervals and cores used for organic
analyses. The lower samples from these cores have not been analyzed,
since no unusual concentrations of elements were in the upper samples
in each core. Tables 9 and 10 show the concentrations of elements in
these cores.
Most of the data represent background values for the bulk of the
sediment. None of the elements are present in concentrations that are
unusual when compared to other results for Lake Michigan (table 11), and
none of the concentrations are environmentally polluting according to
EPA guidelines.
Slightly higher values for some elements occur sporadically among
the samples and in one or two cases, a pattern is present. For example,
the uppermost sample (0 to 0.2 ft) in core LM 1163 has several values
(tables 9 and 10) that are 2 to 10 times the normal values for major,
minor, and several of the trace elements, including iron (Fe), aluminum
(Al), sodium (Na), cerium (Ce), gallium (Ga), hafnium (Hf), lanthanum
(La), samarium (Sm), and thorium (Th). The reasons for these higher
values are unknown; however, one theory is that they may be caused by
fine metal waste particles from foundry processing. Several other samples
and sometimes an entire core will show slightly higher values, but
only for one or two elements. Arsenic, for example, is about 3 to 4
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times higher in the two cores around Great Lakes Harbor (LM 1174 and LM
1180) than in the two cores around Waukegan Harbor. Core LM 1180 also
shows higher values for copper (Cu), lead (Pb), mercury (Hg), tantalum
(Ta), tungsten (W), and zinc (Zn).
A visual analysis of samples from core LM 1180 shows there is a
perceptible amount of dark grains that are lighter in weight than most
sand grains, since the dark grains concentrate in the upper part of the
sample bottle upon shaking. A microscopic examination shows the dark
grains to be subrounded particles about 0.1 to 0.3 mm in diameter. Most
grains are metallic and have numerous minute vesicles. These grains
may be slag residue from foundry processing. One of the samples
(0.2 to 1.1 ft) from core LM 1180 was magnetically separated, and
identical chemical analyses were run on the magnetic and nonmagnetic
fractions. For most elements, the concentrations (table 9) were several
times higher in the magnetic fraction of the sample, which contained
the fine-slag residue. The higher concentrations, however, may be
caused by other compounds in the magnetic fraction, rather than the
fine slag, or are perhaps caused by a combination of the two.
Concentrations of copper, lead, zinc, mercury, tantalum, and tung-
sten are particularly high in the two lowest samples (4.8 to 5.6 ft and
5.6 to 6.4 ft) of core LM 1180. These two samples contain primarily silt
with clay and organic matter, and almost no sand. This sediment type
is typical of most harbor bottoms and adsorbs greater amounts of
many chemicals because of the fine particle size. The concentrations of
copper, lead, mercury, and zinc are considered to be heavily polluted
according to EPA guidelines. Table 11 shows the elemental concentra-
tions in the uppermost samples of each of the four nearshore cores
compared to the average concentrations in the upper 4 cm from 286 grab
samples (these did not include nearshore samples) from depositional
and nondepositional areas of Lake Michigan (Cahill, 1981). The
values for the major and minor elements in the four nearshore cores
are near or less than the mean values for average Lake Michigan results.
Calcium, magnesium, and sodium are slightly higher in the four nearshore
cores compared to the average results.
Table 10 shows a direct relationship between calcium (reported as
CaO) and magnesium (MgO). Converting weight percents to relative atomic
ratios indicates that calcium atoms are slightly more abundant than
magnesium atoms. The nearly 1:1 atomic ratio can be accounted for by
the presence of doloclastic (CaMg(C0 3 ) 2 ) sand in the nearshore cores.
The higher values of calcium and magnesium may be caused by the erosion
of additional doloclastic sand from bedrock highs in the immediate
vicinity. The excess calcium may come from impure dolomite, limestone
sand, or other calcium minerals such as gypsum. The slightly higher
values of sodium may be caused by a sodium-rich mineral, or road salt
that has been washed into the lake and adsorbed on sediment surfaces.
Among the trace elements, only tantalum, thorium, and tungsten
show levels 2 to 4 times the average Lake Michigan results. The reasons
for these elevated levels are not yet known.
GRAIN-SIZE CHARACTERISTICS OF BEACHES
ALONG THE ILLINOIS SHORE
A comprehensive statistical study of the grain size of beach material
along the Illinois shore is beyond the scope of this study, even though
such information would be useful. Knowledge of the approximate grain
size and sorting coefficient, however, is critical in determining the
19
TABLE 9. Concentrations of major, minor, and trace elements in samples from four nearshore
boreholes (values in ppm except as noted)
L. Michigan
core no.
Sample depth
(ft) As Ba Br Cd Ce Co Cr Cs Cu Eu Ga Hf
LM 1163 0-0.2 5.5 1100 2.0 <5 89 4.7 39 1.7 9.7 0.8 15 7
0.5-0.8 2.5 560 3.1 < 5 22 5.8 26 0.6 8.5 0.5 5 3
1.0-1.3 3.1 760 3.2 < 5 24 6.7 30 0.7 8.7 0.4 6 3
1.5-1.8 3.0 670 3.0 < 5 25 6.5 31 0.7 10.0 0.4 4 4
2.1-2.5 2.5 620 3.9 < 5 21 5.9 26 0.7 11.7 0.4 4 3
LM 1165 0-0.4 2.0 900 2.6 < 5 17 4.6 19 1.3 6.9 0.4 7 2
0.4-1.1 3.0 830 2.7 < 5 16 3.9 15 0.8 5.2 0.3 6 2
1.1-1.8 2.0 800 3.0 < 5 18 4.0 16 0.8 3.8 0.4 5 2
1.8-2.5 2.0 970 2.7 < 5 17 5.0 21 0.8 4.3 0.4 6 2
LM 1174 0-0.4 7.0 830 2.6 < 5 18 7.2 36 0.9 10.9 0.3 5 2
0.4-1.2 10.0 870 1.3 < 5 19 6.5 31 1.0 13.0 0.3 7 3
1.2-2.0 10.0 920 2.5 < 5 19 6.9 31 0.6 13.8 0.4 6 2
2.0-2.9 11.0 810 2.4 < 5 17 6.2 31 0.8 12.5 0.4 6 2
2.9-4.5 13.0 1100 4.0 < 5 17 5.8 24 0.8 14.3 0.4 5 2
LM 1180 0.2-1.1
(whole
sample)
11.0 850 3.4 < 5 31 7.8 46 1.4 15.4 0.5 7 3
0.2-1.1 20.0 — 4.6 — 48 19.0 127 2.3 — 0.9 11 4
(magnetic
fraction)
0.2-1.1 7.0 — 3.0 — 17 3.7 25 1.0 — 0.4 5 2
(nonmagnetic
fraction)
1.1-2.2 8.0 950 3.4 < 5 25 5.8 29 1.0 15.7 0.4 8 2
2.2-3.8 9.0 770 3.9 < 5 30 7.2 41 1.5 22.6 0.5 5 3
3.8-4.8 14.0 830 3.2 < 5 34 8.8 66 1.9 58.2 0.5 7 3
4.8-5.6 46.0 180 2.0 < 5 64 16.0 168 4.0 269.0 0.9 20 7
5.6-6.4 20.0 240 4.0 < 5 60 14.0 120 3.0 241.0 0.8 11 6
Values in S column in %.
capacity of a given grain size to remain stable on an Illinois beach
under certain anticipated conditions.
The distribution of grain sizes on a Lake Michigan beach will vary
seasonally or even daily, because of storms, changes in the lake level,
wave climate, and so on, but these changes are not as extreme as those
that occur on oceanic beaches. Grain sizes along the beach also vary
according to how protected the beach is from waves, the angle of incoming
waves, the nearshore slope, and so on. Variations also occur across
the width of the beach, with the most extreme occurring in or near the
swash zone. Thus one or two samples taken on a beach compared with
samples taken at other times and from other beaches are not sufficient
to classify beaches into categories with any confidence unless the grain
sizes are consistent within some range.
The ISGS has collected samples at various times under various
conditions along the Illinois shore. Many of these samples have been
collected at Illinois Beach State Park. Much of the information derived
from the sampling has not been published, but some cumulative percentage
grain-size curves were illustrated by Fraser and Hester (1974, figs. 6 to 8)
for Illinois Beach State Park. Three different beach profiles were
shown with five to ten samples per profile. The sample with the finest
grain size had a median diameter of about 2 . 0d> (0.25 mm); it was col-
lected from the swale behind a washover bar. The typical median grain
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TABLE 9. Continued.
Hg La Lu Ni Pb Rb S
a
Sc Sb Se Sm Ta Tb Th U W Yb Zn
09 34 0.4 <?5 44 41 0.17 6 0.8 3 8.0 2.0 0.8 33 6 1.0 3.0 80
0.03 11 0.1 <25 <25 33 0.06 5 <0.3 2 2.0 0.2 0.3 3 <2 <0.5 0.8 54
0.04 10 0.2 <25 <25 45 0.03 5 <0.3 2 2.0 0.2 0.2 3 <2 <1.0 0.7 56
0.04 10 0.2 <25 <25 35 0.06 5 <0.3 2 2.0 0.2 0.2 3 <2 <1.0 1.0 54
0.03 10 0.1 <25 <25 43 0.04 5 <0.3 1 2.0 0.2 0.3 2 <2 <1.0 0.8 . 56
0.06 8 0.13 <25 <25 59 0.07 3 <0.2 1 2.0 0.2 0.2 2 <3 <1.0 0.7 20
0.03 7 0.15 <25 <25 56 0.03 3 <0.2 1 2.0 0.2 0.2 2 <2 <1.0 0.6 15
0.03 9 0.15 <25 <25 56 0.03 3 <0.3 1 2.0 0.1 0.3 2 <3 <1.0 0.7 10
0.05 9 0.17 <25 <25 62 0.04 3.5 <0.3 1 2.0 0.1 0.2 2 <2 <1.0 0.8 30
09 8 0.2 <25 105 55 0.06 4 1.1 2 2.0 0.2 0.4 2 <3 1.0 1.2 15
09 9 0.2 <25 75 53 0.07 4 0.7 1 2.0 0.3 0.3 2 <3 1.5 1.0 100
o!lO 10 0.2 <25 68 56 0.05 4 0.8 1 2.0 0.3 0.2 2 <3 2.0 1.1 110
06 9 0.1 <25 63 56 0.07 3.5 0.7 1 1.5 0.4 0.2 2 <4 3.0 0.8 100
0!07 9 0.1 <25 63 57 0.07 3 0.8 1 1.5 0.2 0.2 2 <5 <1.0 0.7 90
0.13 13 0.2 <25 108 62 0.28 4 1.0 2 2.0 7.0 0.3 4 <3 6.0 1.8 170
— 23 0.5 <25 — 63 — — 2.0 — 4.0 12.0 0.5 7 3 13.0 3.7 380
— 5 0.1 <25 — 52 — — 0.7 — 1.4 4.0 0.2 2 <2 5.0 1.3 94
0.09 10 0.2 <25 99 65 0.19 3 0.6 1 2.0 2.0 0.2 3 <3 1.0 1.0 120
0.08 11 0.2 <25 115 57 0.23 4 1.6 1 2.0 2.0 0.3 3 <3 3.0 1.2 160
0.23 • 13 0.2 <25 191 57 0.32 5 2.5 2 2.0 4.0 0.3 4 <2 4.0 1.1 200
1.81 25 0.4 <25 202 67 0.35 9 6.0 <5 4.6 120.0 0.8 9 <3 50.0 1.5 518
0.70 24 0.3 <25 133 80 0.31 9 7.0 <4 3.7 20.0 0.6 8 <3 14.0 1.7 338
size for these 28 samples ranged between -l<j> to +1$ (2 mm to 0.5 mm)
or coarser.
In 1952, a report was published by the Illinois Department of Public
Works and Buildings, Division of Waterways, which showed grain-size data
for 1946 and 1950 at numerous locations along the entire Illinois shore
(table 12). The 1946 data are only for the water's edge (probably swash
zone) and the 1950 data for the water's edge and midbeach. Samples
collected at the surface at 6- in., 12-in., and 18-in. depths were averaged
for both years, providing a range of values for comparison with the
nearshore sediment values. Table 12 shows that the smallest grain-size
diameter is 2.754) (0.15 mm) for samples taken in 1950 from the north
side of the northern Waukegan Harbor jetty. Only sixteen values of the
62 grain-size values for 1946 and 1950 are finer than 2.0cJ> (0.25 mm).
The grain sizes for the midbeach samples are more closely grouped and
give a good indication of what would be stable on the backshore (the
beach zone above the limit of swash and normal wave run-ups; King, 1972).
The lowest value is 2.65(f) (0.16 mm), but fourteen out of nineteen values
occur between 2.35 (0.20 mm) and 1.6<J) (0.33 mm); the average for these
values is 1.99<j> (0.256 mm). These data suggest that material of an
average grain size of 2.0<j) (0.25 mm) may be stable on the backshore but
that a larger grain size is required for stability on the foreshore (the
beach zone between the limit of swash and backwash; King, 1972).
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TABLE 11. Elemental concentration in nearshore cores with results for Lake Michigan
4 nearshore cores
(upper sample)
Nondepositional
areas3
(upper 4 cm)
Depositional
areas3
(upper 4 cm)
Mean
value
Values in %
80 53Si0
2
64.9 67
A1
2 3
6.6 4.6 10 7.2
MgO 4.1 1.7 3.6 2.6
K
2
1.5 1.6 2.7 2.2
CaO 7.8 2.8 5.5 4.0
Fe
2 3
2.1 1.9 5 3.1
Ti0
2
0.14 0.2 0.5 0.3
MnO 0.07 0.18 0.22 0.21
P2°5 0.05 0.06 0.3 0.16
Na
2
1.0 0.6 0.6 0.6
Total organic carbon 1.0
Values in ppm
0.6 3.6 2.0
As 6.4 9.4 12 10.5
Br 2.6 10 60 33
Cd <5 0.9 1.0 0.9
Co 6.1 5.8 12.4 9
Cr 35 21 75 46
Cs 1.3 1.2 4.8 2.9
Cu 11 6 40 22
Ga 8.5 5.8 14 10
La 16 15 32 23
Rb 54 58 114 85
Pb 70 11 77 40
Sb 1.0 0.4 1.9 1.1
Ta 2.3 0.3 0.7 0.5
Th 10 3.3 8.4 5.8
W
Zn
2.6
96
1.0
31
1.2
182
1.1
97
'Values from Cahill (1981).
Berg (1981), in a companion report to this one, has compiled detailed
information on the grain-size specifications of nourishment material
emplaced on several public beaches along the Illinois shore. He reported
that the North Shore Sanitary District has emplaced a pea gravel material
(approximately -3.0(|) or 8 mm) along the shore in Lake Bluff and Highland
Park at several times since 1973 according to established criteria (North
Shore Sanitary District, 1972). This material has been wery stable
during the short time that higher than normal lake levels have prevailed.
In 1978, material with a mean grain size of -1
.31<t> (2.5 mm) was
emplaced along part of the Fort Sheridan shore as part of a Corps of
Engineers bluff erosion control program (U.S. Army Corps of Engineers,
1977). This project area, however, has not had sufficient time for a
reliable test. The city of Evanston nourished its beaches with material
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TABLE 12. Mean grain size of beaches along
th€> Illinois shore in 1946 and 1950
ty Location
Mean grain size (mm )
1946 1950 1950
Municipali Water's edge Water's edge Midbeach
Winthrop Harbor State line 0.30 0.40 0.26
Camp Logan 2500 ft N of 17th St 0.50 1.50 0.26
Zion Ariel Ave 0.33 2.50 0.25
111. Beach St. Park Beach Rd 1.00 1.50 1.36
111. Beach St. Preserve 7000 ft N of Waukegan boundary 0.68 0.42 0.27
Waukegan Commonwealth Edison Pier 0.95 0.22 1.88
500 ft N of Seahorse Dr 0.20 0.15 0.16
Southern Harbor jetty 0.18 0.16 0.18
Waukegan River 0.30 1.00 0.26
North Chicago U.S. Steel — 1.00 0.50
Great Lakes Northern Harbor jetty 0.19 0.28 0.20
Lake Bluff McCormick-Blair property 0.30 6.17 —
500 ft N of Center Ave 0.32 0.50 0.27
Lake Forest Deerpath Ave 0.50 0.38 0.31
2000 ft N of Westleigh Rd — 0.30 0.30
Fort Sheridan 700 ft S of Lake Forest boundary >10.00 0.50 0.22
Highland Park 1500 ft S of Fort Sheridan boundary 2.40 0.24 0.25
Old Sewage Plant 2.00 1.00 0.33
Clavey Ave 0.30 0.23 0.21
Winnetka 3500 ft N of Tower Rd >10.00 — —
Winnetka Ave 0.23 — —
Wilmette 10th St 0.56 — —
Chicago Loyola Park 0.20 — —
Foster Ave 0.28 — —
Data from Illinois Department of Public Works and Buildings (1952),
that required a specified mean grain size of at least 1 .034> or 0.484 mm
(U.S. House of Representatives, 1965). In the same report, sand from
the lake bottom at Wilmette Harbor and Jackson Park, which had respective
grain sizes of 2.18(f) (0.221 mm) and 2.12(j> (0.230 mm), was considered
unsuitable for nourishment of Evanston beaches.
GRAIN-SIZE CONSIDERATIONS FOR FILL MATERIAL
Berg (1981) briefly commented on the data used by other researchers in
nourishing depleted beaches. These researchers concluded that nourish-
ment material should be similar to the native beach in its grain-
size distribution or, if possible, slightly coarser material should be
utilized. On some beaches, it may be possible to use a sediment of a
finer grain size than the native material if the native material is
relatively coarse and if the beach is stable. In these instances,
the beach and nearshore profiles readjust to the finer sediment by
forming a more gentle slope. One such example might be a previously
unprotected beach that has gained some wave protection either naturally
or artificially. Stable beaches, however, are seldom nourished;
beaches are generally nourished because they are eroding (unstable).
Hobson (1977) had indicated in cases where erosion is prevalent that
the grain size of the native or present material is not coarse enough to
provide stability and that any nourishment material should be somewhat
coarser than the native sediment.
What is the minimum grain size that can be used in nourishment of
beaches? This depends on the particular situation, but Bascom (1951),
after an intensive study of about 40 beaches on the west coast,
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indicated that "wave action, even in the most protected locations, seems
to remove sand smaller than 0.17 mm from the beach face." In tables
2 and 4, the percentage of sediment coarser than 2.5(f) (0.18 mm), not
including boreholes with gravel pockets, varies between 5.2 and 45.8
percent in the boreholes around Waukegan Harbor. The percentage of
sediment coarser than 2.0cf> (0.25 mm), which the city of Evanston would
probably consider too fine to be used on their beaches, ranges from 2.6
to 22.7 percent for those same boreholes. Sediment 2.0(f) in size and
coarser would probably be incorporated into the native beach material,
but sediment of this grain size forms such a small percentage of the
borrow area that larger fill factors would result. (A fill factor is
an estimate of the volume of actual material required from a borrow
area to produce a unit volume of sediment that is equivalent to the
native material in grain-size distribution. Invariably, this fill
factor is greater than unity and is often referred to as "overfill
ratio.") Some of the 2(f)-fraction might be lost with the main bulk of
the finer sediment during massive winnowing action. For the boreholes
around Great Lakes Harbor (tables 3 and 5), the percentages of sediment
coarser than 2.0<}) range from 0.6 to 4.6 percent, whereas the percentages
of sediment coarser than 2.5(f) range from 1.0 to 26.3 percent.
If sediment from area A (the area with the coarsest grain size)
was used as nourishment material, and if a prerequisite for stability
on specific beaches is sediment coarser than 2.5(f), then about 28
percent (unweighted average for 11 boreholes in area A) of the sediment
is coarser than 2.5(f) and approximately 3.5 times the specified volume
of sediment is required to produce a volume with the minimum grain size
of 2.5(f). If the minimum grain size is deemed to be 2.0(f), then about
10 percent of the sediment is coarser than 2.0<f), and approximately 10
times the specified volume is required.
BEACH-FILL MODELS
Basic types
Several sedimentologists (Krumbein and James, 1965; Dean, 1974; James,
1974, 1975) have devised mathematical models and formulas to use in
solving nourishment problems. Hobson (1977) has reviewed several beach-
fill models and divided them into two basic types— a fill -factor model
and a renourishment-factor model. In the first model, the compatibility
of borrow and native sediments is examined and a fill factor is calcu-
lated when these two sediments are not totally compatible. In the second
model, a renourishment factor is calculated that estimates how often a
specific native beach will have to be renourished with a particular fill
to maintain the beach dimensions.
Adjusted SPM methods
The fill
-factor model that seems to take most parameters into consideration
is the adjusted Shore Protection Manual (SPM) method proposed by James
(1975). This method is similar to one proposed earlier in the SPM (U.S.
Army Corps of Engineers, 1973), with the exception that sorting is assumed
to apply only to grain sizes finer (and not coarser) than the "stable
grain size" (James, 1975). This sorting will produce a modified grain-
size distribution in the finer grain-size classes of the emplaced fill
material; this distribution will be proportional to the grain-size distri-
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bution in the same classes of the native material. The adjusted SPM method
assumes that the fill material coarser than the stable grain size will be
retained on the beach whether or not the grain size is proportional to the
native material
.
Estimates of this fill factor can be obtained by using the graph in
figure 5. The fill -factor isolines range between 1.02 and 10.0 in this
graph. Any fill material that plots to the left of the 1.02 isoline is
as stable as any fill sediment with grain-size parameters
native beach. Fill material that plots to the right of
is considered unstable and should not be used because
overfill needed.
The data required to use figure 5 are the <|> mean grain size and
<|> sorting coefficient (standard deviation) for both native and borrow
composites. The mean grain size (yb) for borrow area A averaged 3.00<J>
(0.125 mm) for the nine boreholes of 1979, and the average of the sorting
coefficient (aj-,) was 0.85. Since the mean and sorting coefficients were
determined from arithmetic averaging of composite samples from each
borehole, they may differ slightly from values determined statistically.
These parameters should be statistically averaged from a true composite
for the whole area (i.e., each sampled interval should be weighted and
considered to be
identical to the
the 10.0 isoline
of the excessive
Figure 5. Isolines of the adjusted SPM fill factor vs <)> mean differences and <j> sorting ratio
(modified from James, 1975). Values used are ub = 3.00, un = 2.0, ab = 0.85, and
an = 1.0.
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each class interval should be totaled for samples from all boreholes
before mean and sorting coefficients are calculated).
For the native sediments, some assumptions will need to be made to
determine values for yn and an . From the analysis of table 2 given
earlier, a minimum average value for yn is probably less than 2.0$
(>0.25 mm), but we will use yn = 2.0(f) in this case. Sorting coefficients
of the beach samples were not given in the report by the Illinois Division
of Waterways (1952); however, beach sediment normally is moderately sorted
(a = 0.7 to 1.0) to poorly sorted (a = 1.0 to 2.0). Values lower than
0.7 and higher than 2.0 also occur. Bascom (1951) noted that sorting
coefficients of beach-face sand were usually between 1.1 and 1.3.
Unpublished data from beach samples in Illinois Beach State Park also
indicate a is often greater than 1.0, but in this hypothetical case, an
is set at 1.0.
The <j> mean difference and $ sorting ratios are calculated from the four
values (yt>, at,, yn , and an ) given; the intersection of these two ratios
is shown by the star in figure 5. This point lies on the fill -factor
isoline of 10.0. In addition to the <j> mean and <$> sorting for area A
as a whole, true composite mean and sorting values for each individual
borehole were calculated and are marked on the graph in figure 5.
Four boreholes again fall within the unstable fill area, but five bore-
holes fall near fill-factor isolines of 3, 5, and 10. If the mean grain-
size difference of the borrow and native sediment increases, or if the
sorting coefficient of the borrow material is lower or the sorting
coefficient of the native beach is higher, then the plot of the points
will be farther to the right of the graph and fill factors will be
even greater.
Renourishment-factor model
Only one renourishment-factor model has been proposed thus far (James,
1974). The model predicts how often a beach will need to be renourished,
depending on the difference in composite grain-size distributions between
the native beach and the fill material. This approach helps to evaluate
the suitability of different fill materials with respect to maintenance
costs.
A beach can be visualized as a compartment that is continually
undergoing change. Sediment is added to the compartment by longshore
drift and lost through offshore and longshore drift. Any sediment added
as fill to that compartment increases its sediment reservoir. The resi-
dence time of particles depends on their size; coarser particles have
a longer residence time than finer particles. A comparison of the grain-
size distribution of the fill and the native material can be used to
predict the long-term performance of a fill. A mass-balance equation
is used, which takes into account the amount and size of material coming
into the compartment as well as the amount leaving. This equation has
been simplified to the following relative retreat-rate equation (James,
1974, 1975; Hobson, 1977):
""ItKH"[ a
2
Where: R = relative retreat rate (renourishment factor)—a ratio of
the borrow to native retreat rates; y and o = $ mean and <J>
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sorting; b and n = subscripts referring to borrow and native
composites, respectively; and A = a dimensionless parameter
related to selective sorting (winnowing) in the environment.
Hobson (1977) has pointed out that one shortcoming with this equation
is the value of the delta (A) parameter, which is estimated to be between
0.5 and 1.5. Figure 6, which uses a A of 1.0, shows isolines of the
renourishment factor plotted against $ mean difference and <}> mean sorting
ratio (James, 1975). A renourishment factor of one means that the borrow
material would remain in the compartment for the same length of time as
the native sediments. A renourishment factor of 5 means that the borrow
material is only one-fifth as stable as the native sediments, and if used
as beach fill for the compartment, it will need to be renourished 5 times
more often than if the fill was identical to the native sediment. A
renourishment factor of one-fifth means that the borrow material is 5
times more stable than the native material and renourishment with this
borrow material would be required only one-fifth as often as renourish-
ment with native-beach sediment.
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Figure 6. Isolines of the renourishment factor vs <(> mean differences and <{> sorting ratio
(modified from James, 1975). Values used are v>b = 3 - 00 > Mn = 2 -°» °b = °- 85 » and
Oq = 1.0. The triangle represents a renourishment factor for onshore borrow material
of very coarse sand and granules (\i^ = -1.31<]> and ob = M.O). The renourishment fac-
tor for a second onshore borrow material of "pea gravel" (ut> = -3.0(f) and o^ = ^1.0).
would plot off the graph to the left of the triangle.
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The star plotted on figure 6 indicates the comparison of sediment
for nine boreholes from 1979 in borrow area A with an average mean grain
size of 3.0<J> and sorting coefficient of 0.85, to hypothetical natural
beach sediment with a mean of 2.0(f> and sorting coefficient of 1.0. A
comparison of mean and sorting for the natural beach sediment and the
nine individual boreholes is shown by solid dots on figure 6. These
comparisons suggest that if sediment from borrow area A is used for beach
fill, the beach would need to be renourished 3 times more frequently than
if fill sediment equivalent in grain size to the native beach was used.
This renourishment factor is slightly more encouraging than the adjusted
SPM fill factor, but it is still very high.
The renourishment-factor model is theoretically the most logical
beach nourishment model to use for most beaches along the Illinois shore
of Lake Michigan. The model indicates how often renourishment should
take place to provide a stable beach and hence to protect the toe of
the bluff. The premise of most fill -factor models is to determine the
quantity of borrow material that should be placed on a beach to provide
a unit volume with the same grain-size distribution as the existing
(natural) beach, assuming all grain sizes finer than that present on the
natural beach will be winnowed out.
The renourishment- and fill-factor models both use grain size as
primary criteria, but both models approach the problem from different
angles. In the renourishment model a beach is stabilized by using sedi-
ment with any grain-size distribution that will provide stability. The
fill-factor model is also concerned with providing stability, but by
using sediment identical to the native material in grain size or by
using sediment that will theoretically be transformed through winnowing
into material with a grain size equivalent to that of the native material.
The fill-factor model assumes that the grain-size distribution on the
existing beach is the optimum size; it attempts to preserve the status
quo.
On a recreational beach, preserving the status quo may be desirable,
but for a buffer beach between the lake and the bluff, the renourishment-
factor approach seems more applicable. For Illinois beaches or for any
natural beach, the grain size on the natural beach is not the only size
that could provide stability and it may not even be the ideal size for
that particular situation. The range in grain sizes on any beach depends
primarily on the sediment size available from the source environment,
which is modified by waves; this action approaches equilibrium. A finer
or a coarser sediment would also be modified in a similar manner.
It may not seem logical to use fill material of a finer grain size
than what is already on the beach except in situations where the material
protects the toe of the bluff, is not immediately washed away, and is
economical even with more frequent renourishment. Nevertheless, much
of the sediment from the coarsest borrow area (area A) is finer than
2.55<}> (0.17 mm). Bascom (1951) stated that sediment finer than 0.17 mm
would be unstable even on the most protected beaches.
In this case, since a suitable borrow area seems to be lacking in the
nearshore environment, processed material from an onshore borrow area
may be an alternative. The specific grain size required can be obtained
from commercial gravel pits (Berg, 1981). Two examples of processed
materials that have been used for artificial beaches are the "pea gravel"
(approximate mean of
-3.0(f) or 8 mm) used by the North Shore Sanitary
District and the very coarse sand to granules (mean of
-1.31(f) or 2.5 mm)
used by the U.S. Army Corps of Engineers (Berg, 1981). The mean grain
sizes of the processed material are noted above. The sorting coefficient
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of these sediments is estimated to be 1.0 because the sediments are
screened and should be moderately sorted. Actual sorting values may
be higher or lower. The -1 .314> sediment, when compared with the natural
sediment, is denoted by the triangle on the left-hand side of the graph
(fig. 6). A similar plot for the -3 . 04> sediment is off the graph just
to the left of the -1.31<j> sediment comparison plot. Both of these points
are in the stable section and indicate that either of these materials
would be at least seven times more stable than the natural material
and hence would need renourishment only one-seventh as often.
The values determined from either a fill -factor or renourishment-
factor approach may not be as applicable for a Lake Michigan beach as
they are for an oceanic beach, because during a rise in lake level over 5 to
10 years, even beaches with coarse sediment will show some erosion as the
beach and nearshore profiles readjust to new base levels. Beaches com-
posed of finer material will erode even more easily. Coarse material
should be emplaced in a groin compartment any time the beach in a com-
partment is so narrow that the waves can reach the toe of the bluff.
Ideally, if sufficient coarse fill material (to be determined case by
case) is emplaced during a high lake level period, renourishment probably
will not be needed during that period or during a successive low lake
level period. Little renourishment should be required in ensuing high
lake level periods.
CONCLUSIONS
This study analyzes several areas of moderate sediment accumulation near
Waukegan and Great Lakes Harbors for their potential as sources of material
for beach nourishment along the Illinois shore. Samples from boreholes
penetrating these areas show an average grain size of 3.0(f) (0.12 mm) or
finer. The grain-size characteristics of the beaches suggest that the
minimum mean grain size that will keep these beaches stable is 2.0<j> or
coarser. This difference in grain size along with differences in sorting
coefficients were plotted on mathematical model graphs. These plots
indicate that the fill factors range around 10 or higher for borrow
sources with the coarsest sediment. The practice of using nearshore
sediment for nourishing depleted beaches has been successful only when
the grain-size distribution was equivalent to or coarser than the native
sediment. A fill factor as high as 10 indicates that at least 90 percent
of the nearshore sediment placed on a beach will be winnowed out by
wave action. A renourishment factor of 3 indicates that if a nearshore
borrow source is used, renourishment will be required three times as
often as sediment equivalent in grain size to the native beach.
Berg (1981) has pointed out that processed sand and gravel from
commercial gravel pits has been highly successful as nourishment material
on Illinois beaches. Using two examples cited by Berg, renourishment
factors are less than one-seventh, which suggests that if onshore material
of these grain sizes are used, renourishment will be required only one-
seventh as often as sediment with a grain-size distribution equivalent
to the native sediment. The estimated cost of placing an equal volume
of sediment on a beach may slightly favor the nearshore source (if close
to nourishment area) over the land source (Berg, 1980). The high fill-
factors involved with the nearshore source, however, would make the costs
prohibitive for this material; therefore, the possibility of using near-
shore sediment from the areas studied in this report for direct beach
nourishment should not merit further consideration.
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APPENDIX A
Drilling records for boreholes in nearshore sediments of Lake Michigan
The following drilling records are listed in numerical order by their
Lake Michigan number. This informal numbering system is used for cores,
grab samples, or other data collected at a particular station on Lake
Michigan. The system has been used in a series of studies of Lake Michigan
bottom sediments (published by the ISGS in its Environmental Geology
Notes series), the first of which was by Gross et al . (1970).
The drilling records show all recorded field data, with the exception
of some engineering data (i.e., blow count/ft for boreholes LM 1135 to
1161) that are available from files in the Stratigraphy and Area! Geology
Section of the ISGS. Blow counts could not be easily included in the
record because of irregular sample intervals as well as complications
arising from the use of a 5-ft core barrel. The friction on the barrel
is probably as great as if not greater than the strength of the material
and causes exaggerated blow counts with increasing depth. Split-spoon
samples consist of a channel sample taken from the fraction recovered
by the 1.5-ft samples. If recovery was less than total, the recovered
length is given in parentheses after the sample number(s).
The drilling method used in 1976 used a drive barrel that was 2 in.
in diameter and 5 ft long, followed by pump wash. On borehole LM 1135,
however, a 3-in. diameter, 5-ft barrel was used on the 5.0-to 10.0-ft
interval, and recovery was not as good as with the 2-in. diameter barrel.
In 1979, most boreholes were completed with a standard 1.5-ft split-spoon
barrel with casing; however, for boreholes LM 1163, 1165, 1174, and 1180,
a 3 in.-diameter, 5-ft long stainless steel drive barrel was used with
casing. The drilling methods for 1976 and 1979 are described in detail
in the text.
Grain sizes (e.g., medium and fine) given in the descriptions are
visual field estimates made with a pocket sand-size comparator. Labora-
tory grain-size analyses are recorded in appendix B. Colors cited are
subjective visual field identifications of wet sediment.
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LM 1135
Location: 42° 21' 21" N, 87° 49' 06" W; Waukegan 7.5' Quad.
Lake elevation: 581.9 ft mean sea level (MSL) (177.4 m) or 580.6 International Great Lakes
Datum (IGLD) (177.0 m)
Water depth: 17.5 ft (5.3 m)
Date drilled: 7/23/76
Total depth drilled: 9.0 ft (2.7 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, gray, brownish at top 1-3
Not recovered (presumably sand)
Sand, fine, brownish gray 4
Sand, medium, brownish gray 5
Sand, fine to very fine, brownish gray 6
Sand, fine to very fine, brownish gray; gravel 7
present in lowest 0.1-ft interval
Till, high silt and/or clay, dark gray; unconfined 8
compressive strength of 4.5 tons/sq ft
1.5 0-1.5
3.5 1.5-5.0
0.7 5.0-5.7
1.1 5.7-6.8
0.7 6.8-7.5
0.5 7.5-8.0
1.0 8.0-9.0
LM 1136
Location: 42° 21' 22" N, 87° 48' 53" W; Waukegan 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 17.8 ft (5.4 m)
Date drilled: 7/23/76
Total depth drilled: 17.0 ft (5.2 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, brownish gray
Not recovered (presumably sand)
Sand, fine, brownish gray
Pebble gravel and sand, poorly sorted, gray;
pebbles are angular and composed of dolomite
or dolomitic limestone (glacial activity on
local bedrock?)
Borehole not completed to a till or bedrock
subbottom
1-3 1.5 0-1.5
2.5 1.5-4.0
4, 5 2.0 4.0-6.0
6-16 11.0 6.0-17.0
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LM 1137
Location: 42° 21' 06" N, 87° 49' 09" W; Waukegan 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 14.8 ft (4.5 m)
Date drilled: 7/23/76
Total depth drilled: 9.0 ft (2.7 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray,
grayish brown in upper 6 in.
Not recovered (presumably sand)
Sand, fine, fine to very coarse in lowest in.,
brownish gray
Pebble gravel and sand, poorly sorted
Silt, with large amount of very fine sand, gray;
some streaks of black organic (?) material
Sand, fine, gray; till presumed to be present
below this unit but it was lost during recovery
1-6 3.0 0-3.0
2.0 3.0-5.0
7-11 2.5 5.0-7.5
12 0.5 7.5-8.0
13 0.7 8.0-8.7
14 0.3 8.7-9.0
LM 1138
Location: 42° 21' 38" N, 87° 48' 32" W; Waukegan 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 IGLD (177.0 m)
Water depth: 24.8 ft (7.6 m)
Date drilled: 7/23/76
Total depth drilled: 9.0 ft (2.7 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, brownish gray; upper 0.2 ft
consists of dark organic (?) material
and broken sphaeriid bivalves
Not recovered (presumably sand)
Sand, fine, brownish gray; with minor amounts
of gravel
Silt, gray; with large amounts of fine sand,
pebbles, and one dolomite cobble, 5 in.
in diameter; till or bedrock presumably
occurs below cobble pavement
1-5 2.5 0-2.5
2.5 2.5-5.0
-10 3.5 5.0-8.5
11 0.5 8.5-9.0
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LM 1139
Location: 42° 21' 38" N, 87° 48' 20" W; Waukegan 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 27.6 ft (8.4 m)
Date drilled: 7/23/76
Total depth drilled: 6.0 ft (1.8 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray; empty
shells of planorbid gastropods and sphaeriid
bivalves present in all samples
Not recovered (presumably sand)
Sand, fine to very fine, brownish gray
Sand, very fine, brownish gray; with pebbles
and dolomite cobbles; till or bedrock
presumably occurs below cobble pavement
1-4
5-7
8
1.0
4.0
0.8
0.2
0-1.0
1.0-5.0
5.0-5.8
5.8-6.0
LM 1140
Location: 42° 21' 38" N, 87° 48' 11" W; Waukegan 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 28.8 ft (8.8 m)
Date drilled: 7/23/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray
Not recovered (presumably sand)
Till, high silt and clay, gray; unconfined
compressive strength of 4.5 tons/sq ft
1-4
5
1.7
2.9
0.4
0-1.7
1.7-4.6
4.6-5.0
LM 1141
Location: 42° 22' 01" N, 87° 48' 44" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 11.7 ft (3.6 m)
Date drilled: 7/26/76
Total depth drilled: 24.3 ft (7.4 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray,
grayish brown in upper 0.9 ft
Not recovered (presumably sand)
Sand, fine to very fine, brownish gray;
minor amounts of fine gravel
Sand, very fine, brownish gray
Gravel, with major amounts of sand
Sand, very fine, brownish gray
Gravel, with major amounts of sand
Till, high silt and clay, gray; unconfined
compressive strength of 3.5 tons/sq ft
1-5 8.0 0-8.0
2.0 8.0-10.0
6, 7 1.7 10.0-11.7
8-11 5.1 11.7-16.8
12 0.7 16.8-17.5
13-15 5.0 17.5-22.5
16 0.3 22.5-22.8
17 1.5 22.8-24.3
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LM 1142
Location: 42° 22' 00" N, 87° 48' 26" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 18.8 ft (5.7 m)
Date drilled: 7/26/76
Total depth drilled: 16.5 ft (5.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, grayish brown
Not recovered (presumably sand)
Sand, fine to very fine, brownish gray
Sand, very fine, brownish gray
Not recovered (presumably sand)
Sand, very fine, brownish gray
Gravel and cobbles, with major amount of
coarser sand, size increasing downwards
Till, gray; unconfined compressive strength
of 1.75 tons/sq ft
1, 2
3
4, 5
6-9
10
11
4.0 0-4.0
1.0 4.0-5.0
1.5 5.0-6.5
2.8 6.5-9.3
0.7 9.3-10.0
5.3 10.0-15.3
0.2 15.3-15.5
1.0 15.5-16.5
LM 1143
Location: 42° 21' 59" N, 87° 48' 11" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 26.0 ft (7.9 m)
Date drilled: 7/27/76
Total depth drilled: 14.0 ft (4.3 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray
Not recovered (presumably sand)
Sand, very fine, brownish gray
Not recovered (presumably sand)
Sand, very fine, brownish gray
Sand, very fine, brownish gray; with varying
amounts of coarser sand and gravel
Till, brownish gray, unconfined compressive
strength of 2.25 tons/sq ft
1, 2
3, 4
5
6
1.5 0-1.5
3.5 1.5-5.0
2.5 5.0-7.5
2.5 7.5-10.0
0.8 10.0-10.8
0.2 10.8-11.0
3.0 11.0-14.0
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LM 1144
i
Location: 42° 22' 26" N, 87° 48' 18" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 22.5 ft (6.9 m)
Date drilled: 7/26/76
Total depth drilled: 19.0 ft (5.8 m)
Material Sampl
e
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray
Not recovered (presumably sand)
Sand, very fine, brownish gray; 0.01-ft layer
of broken sphaeriid bivalve shells at 0.9 ft
above bottom; 0.01-ft layer of organic matter
at 0.7 ft above bottom
Not recovered (presumably sand)
Sand, wery fine, brownish gray; a few gastropod
shells present near top
Not recovered (presumably sand)
Sand, very fine, brownish gray
Till, gray; unconfined compressive strength
of 2.25 tons/sq ft
1-3
4-6
7-9
10
11
3.0 0-3.0
2.0 3.0-5.0
3.5 5.0-8.5
1.5 8.5-10.0
3.5 10.0-13.5
1.5 13.5-15.0
0.8 15.0-15.8
3.2 15.8-19.0
LM 1145
Location: 42° 23* 13" N, 87° 48' 06" W; Zion 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 14.3 ft (4.4 m)
Date drilled: 7/27/76
Total depth drilled: 19.8 ft (6.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray,
grayish brown in upper foot
Not recovered (presumably sand)
Sand, fine to very fine, brownish gray
Not recovered (presumably sand)
Sand, very fine, brownish gray
Not recovered (presumably sand)
Sand, very fine, brownish gray
Gravel, with minor amounts of the coarser
sand sizes
Not recovered (presumably portion lost was
gravel and/or till)
1-3
4, 5
6, 7
8, 9
10
3.5 0-3.5
1.5 3.5-5.0
3.0 5.0-8.0
2.0 8.0-10.0
3.5 10.0-13.5
1.5 13.5-15.0
2.7 15.0-17.7
0.5 17.7-18.2
1.6 18.2-19.8
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LM 1146
Location: 42° 18' 41" N, 87° 49' 26" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 18.8 ft (5.7 m)
Date drilled: 7/27/76
Total depth drilled: 10.0 ft (3.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray 1-3
Not recovered (presumably sand)
Sand, very fine, brownish gray 4
Sand, medium to coarse, brownish gray; 5
with some gravel and silt
Silt, gray, with minor amounts of clay and sand 6.7
3.5 0-3.5
1.5 3.5-5.0
1.0 5.0-6.0
1.0 6.0-7.0
3.0 7.0-10.0
LM 1147
Location: 42° 18' 28" N, 87° 49' 09" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 26.4 ft (8.1 m)
Date drilled: 7/27/76
Total depth drilled: 10.0 ft (3.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray
Not recovered (presumably sand); a second
attempt to recover more sand in the first
5.0-ft interval failed, sand in general
is less compact than in the Waukegan area
Sand, very fine, brownish gray
Silt, gray; with major amounts of gravel and
some finer sand
Silt, gray; with minor amounts of clay and sand
2, 3
4
1.0
4.0
3.0
0.1
1.9
0-1.0
1.0-5.0
5.0-8.0
8.0-8.1
8.1-10.0
LM 1148
Location: 42° 18' 07" N, 87° 49' 49" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 14.5 ft (4.4 m)
Date drilled: 7/27/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray
Silt, gray; with moderate amounts of sand and
gravel
Silt, gray; with minor amounts of clay and sand
1, 2
3
4.5
0.1
0.4
0-4.5
4.5-4.6
4.6-5.0
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LM 1149
Location: 42° 18' 17" N, 87° 49' 24" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 19.3 ft (5.9 m)
Date drilled: 7/27/76
Total depth drilled: 15.0 ft (4.6 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray, brown in 1-3
upper 0.5 ft
Not recovered (presumably sand)
Sand, fine to very fine, brownish gray 4, 5
Not recovered (presumably sand)
Sand, fine to very fine, brownish gray 6, 7
Till(?), gray; with greenish-gray mottling in 8, 9
upper 0.5 ft and lower 0.3 ft
4.0 0-4.0
1.0 4.0-5.0
2.7 5.0-7.7
2.3 7.7-10.0
3.2 10.0-13.2
1.8 13.2-15.0
LM 1150
Location: 42° 17' 53" N, 87° 49' 36" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 19.3 ft (5.9 m)
Date drilled: 7/27/76
Total depth: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine brownish gray
Sand, very fine, brownish gray; with major
amounts of gravel and coarser sand in lowest
0.1 ft
Silt, gray; with minor amounts of clay(?) and
sand
1
2-4
1.5
2.7
0.8
0-1.5
1.5-4.2
4.2-5.0
LM 1151
Location: 42° 17' 35" N, 87° 49' 32" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 22.8 ft (7.0 m)
Date drilled: 7/27/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray, grayish brown
in upper 1.0-ft; dark-gray horizontal
streaks in upper 1.0-ft
Silt, and/or clay, light gray
1-3 3.0
2.0
0-3.0
3.0-5.0
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LM 1152
Location: 42° 17' 32" N, 87° 49' 49" W; Waukegan 7.5' Quad.
Lake elevation: 581.8 ft MSL (177.3 m) or 580.5 ft IGLD (176.9 m)
Water depth: 14.5 ft (4.4 m)
Date drilled: 7/26/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Silt and/or clay, gray; with moderate amounts
of gravel
1. 2 5.0 0-5.0
LM 1153
Location: 42° 03' 53" N, 87° 40' 14" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 16.3 ft (5.0 m)
Date drilled: 7/30/76
Total depth drilled: 4.0 ft (1.2 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Silt and/or clay, gray 4.0 0-4.0
LM 1154
Location: 42° 03' 57" N, 87° 40' 04" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 19.1 ft (5.9 m)
Date drilled: 7/30/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Silt and/or clay, gray; 0.01 ft of finer gravel
and coarser sand fractions at upper boundary
5.0 0-5.0
LM 1155
Location: 42° 04' 03" N, 87° 39' 58" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 15.8 ft (4.8 m)
Date drilled: 7/30/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Silt and/or clay, gray; 0.01 ft of gravel and
coarser sand at upper boundary
1 5.0 0-5.0
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LM 1156
Location: 42° 03' 02" N, 87° 40' 03" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 14.1 ft (4.3 m)
Total depth drilled: 10.0 ft (3.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray, brown in upper
0.5 ft; with dark-gray horizontal streaks in
upper 0.5 ft
Not recovered (presumably sand)
Silt and/or clay, gray; minor amounts of sand
Till, gray; unconfined compressive strength of
1.25 tons/sq ft
Silt and/or clay; minor amounts of sand; uncon-
fined compressive strength of 1.0 tons/sq ft
Till, gray; unconfined compressive strength of
0.25 tons/sq ft
1, 2 2.5 0-2.5
2.5 2.5-5.0
0.7 5.0-5.7
0.3 5.7-6.0
2.5 6.0-8.5
1.5 8.5-10.0
LM 1157
Location: 42u 02' 47" N, 87u 39' 51" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 20.3 ft (6.2 m)
Date drilled: 7/30/76
Total depth drilled: 5.0 ft (1.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray; brown in upper
0.3 ft sand varies to medium in upper 0.1 ft
Silt and/or clay; gray, minor amounts of sand
Not recovered (presumably silt)
2.9
1.7
0.4
0-2.9
2.9-4.6
4.6-5.0
LM 1158
Location: 42° 04' 50" N, 87° 40' 58" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 10.3 ft (3.1 m)
Date drilled: 7/30/76
Total depth drilled: 15.0 ft (4.6 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to medium, brownish gray; brown in 1,2
upper 0.8 ft; some broken sphaeriid bivalves
Sand, fine to \iery fine, brownish gray 3, 4
Not recovered (presumably sand)
Sand, fine to very fine, some layers of medium 5, 6
sand, brownish gray
Not recovered (presumably sand)
Sand, fine to very fine, some layers of coarser 7
sand, brownish gray
Silt and/or clay, gray; minor amounts of sand 8-10
1.9 0-1.9
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2.6 1.9-4.5
0.5 4.5-5.0
4.0 5.0-9.0
1.0 9.0-10.0
1.0 10.0-11.0
4.0 11.0-15.0
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LM 1159
Location: 42° 04' 42" N, 87° 40' 43" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 14.5 ft (4.4 m)
Date drilled: 7/30/76
Total depth drilled: 10.0 ft (3.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, grayish brown
Not recovered (presumably sand)
Sand, fine, grayish brown to brownish gray
Silt and/or clay, gray, minor amounts of sand
1, 2
3, 4
5
2.5 0-2.5
2.5 2.5-5.0
3.3 5.0-8.3
1.7 8.3-10.0
LM 1160
Location: 42" 04' 33" N, 87" 40' 43" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 10.7 ft (3.3 m)
Date drilled: 7/30/76
Total depth drilled: 10.0 ft (3.0 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, brownish gray; brown in upper 0.5
ft; some dark-gray horizontal streaks in
upper 1.0 ft; some broken sphaeriid bivalve
shells
Not recovered (presumably sand)
Sand, fine, brownish gray
Silt, and/or clay, reddish gray, minor amounts
of sand and some pebbles in bottom 0.1 ft
1. 2
3
4-6
3.0 0-3.0
2.0 3.0-5.0
1.7 5.0-6.7
3.0 6.7-9.7
LM 1161
Location: 42u 04' 57" N, 87u 40' 55" W; Evanston 7.5' Quad.
Lake elevation: 581.9 ft MSL (177.4 m) or 580.6 ft IGLD (177.0 m)
Water depth: 22.3 ft (6.8 m)
Date drilled: 7/30/76
Total depth drilled: 5.0 ft (1.5 m)
Material
Gravel; minor amounts of the coarser sand sizes
Silt and/or clay, gray; moderate amounts of
sand and some gravel
Not recovered (presumably silt and clay)
Sample
1
2-4
Thickness
(ft)
0.2
3.1
1.7
Depth
(ft)
0-0.2
0.2-3.3
3.3-5.0
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LM 1162
Location: 42° 20' 56" N, 87° 49' 05" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 18.5 ft (5.6 m)
Date drilled: 6/14/79
Total depth drilled: 8.4 ft (2.6 m)
a
1-5
(1.3. 0.1,
1.3, 1.5,
1.5)
7.5 0-7.5
6 0.5 7.5-8.0
7 0.4 8.0-8.4
Thickness Depth
Material Sample" (ft) (ft)
Sand, fine to very fine, brownish gray; one
dolomite pebble at base
Sand, silty, fine to very fine gray
Till, gray
aValues in parentheses are footages recovered for each 1.5-ft-split-spoon sample.
LM 1163
Location: 42° 21' 09" N, 87° 49' 01" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 16.5 ft (5.0 m)
Date drilled: 6/14/79
Total depth drilled: 8.5 ft (2.6 m)
Thickness Depth
Material Sample (ft) (ft)
Sand, coarse to fine, 5Y 5/2 to 5Y 4/3 1 0.3 0-0.3
Sand, fine, 2.5Y 4/4 varying to 2.5Y 5/4 and 2-8 5.9 0.3-6.2
2.5Y 5/2
Sand, fine, 2.5Y 4/2 varying to 2.5Y 5/2; silty, 9-11 2.3 6.2-8.5
becoming very silty in bottom 0.5 ft;
encountered bedrock or boulder in last 0.5 ft
Samples were not taken continuously because core was disturbed during laboratory sub-sampling.
LM 1164
Location: 42° 21' 20" N, 87° 48' 57" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 16.5 ft (5.0 m)
Date drilled: 6/14/79
Total depth drilled: 9.5 ft (2.9 m)
Thickness Depth
Material Sample* (ft) (ft)
Sand, fine, gray; a few pebbles and gastropod
shells at 3.8 ft
Sand, fine, gray; with considerable amounts
of silt, some silt occurs in layers
Till, gray
Values in parentheses are footages recovered for each 1.5-ft-split-spoon sample.
1-3 4.5 0-4.5
(0.6, 1.5, 1.5)
4-6 4.5 4.5-9.0
(0.5, 0.7, 1.5)
7 (0.5) 0.5 9.0-9.5
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LM 1165
Location: 42° 21' 27" N, 87° 48' 47" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft (IGLD (176.8 m)
Water depth: 19.5 ft (5.9 m)
Date drilled: 6/21/79
Total depth drilled: 7.2 ft (2.2 m)
Material
Sand, fine, 10YR 3/2; a few gravel grains in
upper 0.1 ft; a 0.01-ft silt band present
Sand, fine, 2.5Y 4/2
Gravel
Till, 5Y 4/1
Sample
1-5
6-9
10
11, 12
Thickness
(ft)
3.2
Depth
(ft)
0-3.2
2.9 3.2-6.1
0.2 6.1-6.3
0.9 6.3-7.2
LM 1166
Location: 42° 21' 12" N, 87° 48' 49" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 18.0 ft (5.5 m)
Date drilled: 6/21/79
Total depth drilled: 21.0 ft (6.4 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, brownish gray; 0.5 ft of wery fine
sand and silt at 3.5 ft
Sand, fine to medium, brownish gray; occasional
bands of silty sand; dolomite chips in
bottom of hole
Gravel, angular dolomite chips, with sand and
silt; hit either bedrock or boulder
1-8
(0.5, 0.5, 1.1,
0.8, 1.0, 0.8,
0.5, 1.0)
9-13
(1.0, 1.5, 1.5,
1.5, 1.5)
14
(1.5)
12.0
7.5
1.5
0-12.0
12.0-19.5
19.5-21.0
Values in parentheses are footages recovered for each 1.5-ft-split spoon sample.
LM 1167
Location: 42° 20' 44" N, 87° 48' 50" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 25.0 ft (7.6 m)
Date drilled: 6/21/79
Total depth drilled: 3.0 ft (0.9 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine, grayish brown
Till, light gray
1 (0.8)
1A 2
(0.3, 6.7)
0.8
2.2
0-0.8
0.8-3.0
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LM 1168
Location: 42° 21' 01" N, 87° 48' 52" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 18 ft (5.5 m)
Date drilled: 6/21/79
Total depth drilled: 18.0 ft (5.5 m)
Material Sample'
Thickness
(ft)
Depth
(ft)
Sand, fine, grayish brown
Sand, fine to very fine, brownish gray; some
dolomite gravel at base of sample 5
Sand, fine, gray; with gray gravel
Gravel, gray; poorly sorted; angular dolomite
pebbles, minor amounts of coarser sand
grades
Gravel (rotary drilled, no samples); hit bed-
rock at 18.0 ft
1-3
(1.0, 1.0, 0.5)
4.5 0-4.5
4, 5
(0.8] 1-1)
3.0 4.5-7.5
6
(0.8)
1.5 7.5-9.0
7-10
(0.3, 0.3, 0.3,
0.3)
6.0 9.0-15.0
3.0 15.0-18.0
Values in parentheses are footages recovered for each 1 .5-ft-split-spoon sample.
LM 1169
Location: 42° 21' 23" N, 87° 49' 05" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 17.5 ft (5.3 m)
Date drilled: 6/22/79
Total depth drilled: 3.8 ft (1.2 m)
Material Sample
1
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray; hit
bedrock or boulder on last 0.1 ft
1-3
(0.6, 0.5, 0.5)
3.8 0-3.8
Values in parentheses are footages recovered for each 1 .5-ft-split-spoon sample.
LM 1170
Location: 42° 21' 13" N, 87° 49' 08" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 15.0 ft (4.6 m)
Date drilled: 6/22/79
Total depth drilled: 7.4 ft (2.3 m)
Material Sample'
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray; 0.3 ft 1-5 7.4 0-7.4
of gravel present between 4.5-4.8 ft; hit (0.6, 0.7, 1.2,
rock on last 0.1 ft 1.0, 1.0)
a
Values in parentheses are footages recovered for each 1 .5-ft-split-spoon sample.
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LM 1171
Location: 42° 21' 01" N, 87° 49' 12" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 15.0 ft (4.6 m)
Date drilled: 6/22/79
Total depth drilled: 6.0 ft (1.8 m)
Material Sample 1
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, grayish brown in upper 1-4
0.5 ft, remainder is brownish gray (0.7, 1.0, 0.7,
1.3)
Till, gray; with 0.05 ft of dolomite gravel at 4A
top (0.2)
5.8
0.2
0-5.8
5.8-6.0
Values in parentheses are footages recovered for each 1 .5-ft-spl it-spoon sample.
LM 1172
Location: 42° 18' 42" N, 87° 49' 31" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 13.0 ft (4.0 m)
Date drilled: 6/22/79
Total depth drilled: 12.5 ft (3.8 m)
Material Sample'
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, grayish brown
Sand, fine to very fine, brownish gray
Gravel; with some finer sand and silt
Silt and/or clay, gray
1
(0.4)
1.5 0-1.5
2-8b
(1.5, 1.0, 0.4,
0.7, 0.5, 0.8,
0.6)
10.0 1.5-11.5
8A
(0.05)
0.05 11.5-11.55
8B
(0.45)
0.95 11.55-12.5
Values in parentheses are footages recovered for each 1 . 5-ft-spl it-spoon sample.
Sample 6 was lost on the first try, but a sample was recovered on a second try that was
driven an additional 0.5 ft.
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LM 1173
~~
Location: 42° 18' 38" N, 87° 49' 42" W; Waukegan 7.5' Quad.
Lake elevation: 581.3 ft MSL (177.2 m) or 580.0 ft IGLD (176.8 m)
Water depth: 3.5 ft (1.1 m)
Date drilled: 6/22/79
Total depth drilled: 21.5 ft (6.6 m)
Remarks: Two attempts were made with 5-ft stainless steel tubes but no core could
be retreived because of the loosely compacted nature of the sediment.
Thickness Depth
Material Sample (ft) (ft)
Sand, fine, grayish brown 1 1.5 0-1.5
(0.3)
Sand, fine, brownish gray; some thin (0.01 ft) 2, 3 3.0 1.5-4.5
layers of dark-gray organic? material (0.7, 0.5)
Silt(?) and/or organic material, dark gray, 1.5 4.5-6.0
loosely compacted; no sample recovered, only
traces recovered in sampler
No samples; rotary drilled down to subbottom 15.5 6.0-21.5
and recovered bits of gray silt and till on
drilling bit; washings indicated that most
of this interval consisted of sand
a
Values in parentheses are footages recovered for each 1 .5-ft-spl it-spoon sample.
LM 1174
Location: 42° 18' 14" N, 87° 49' 28" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 18.0 ft (5.5 m)
Date drilled: 6/25/79
Total depth drilled: 5.0 ft (1.5 m)
Remarks: On first attempt, sample could not be retained in core barrel. On second
attempt, sample tube was driven an additional 0.5 ft, and hit bedrock or
a boulder. Tube ending was bent closed, which helped to retain sample.
Thickness Depth
Material Sample
3 (ft) (ft)
Sand, fine, 10YR 3/2 to 10YR 5/3 1,2 1.2 0-1.2
Sand, fine, 2.5Y 4/2 with random spots of 5Y 3-6 3.8 3.8-5.0
3/2; 0.01-ft thick silt layers at 0.24, 0.28
and 0.30 ft; hit bedrock or boulder at 5.0+
ft
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LM 1175
Location: 42° 17' 58" N, 87° 49' 29" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 20.0 ft (6.1 m)
Date drilled: 6/25/79
Total depth drilled: 11.5 ft (3.5 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, fine to very fine, brownish gray, grayish 1-4
brown in upper 0.2 ft (0.3, 1.0, 0.6,
0.7)
No samples taken, but presumably sand; rotary
drilled down 4 or 5.5 ft until till was
reached. Driller finally assumed that 5.5
ft was correct distance but some doubt still
exists.
6.0
5.5
0-6.0
6.0-11.5
Values in parentheses are footages recovered for each 1.5-ft-spl it-spoon sample.
LM 1176
Location: 42° 17' 45" N, 87° 49' 28" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 21.2 ft (6.5 m)
Date drilled: 6/25/79
Total depth drilled: 6.0 ft (1.8 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, \jery fine, brownish gray, brown in upper 1-3
0.3-ft interval (0.6, 0.8, 1.0)
Gravel; with minor amounts of silt and sand
Till, silty, gray
4
(0.1)
4A, 4B
(0.7, 0.7)
4.5
0.1
1.4
0-4.5
4.5-4.6
4.6-6.0
Values in parentheses are footages recovered for each 1.5-ft-spl it-spoon sample.
LM 1177
Location: 42° 17' 52" N, 87° 49' 22" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 21.5 ft (6.6 m)
Date drilled: 6/25/79
Total depth drilled: 6.0 ft (1.8 m)
Material Sample
Thickness
(ft)
Depth
(ft)
Sand, very fine, brownish gray, grayish brown in 1, 1A-4 5.5 0-5.5
upper 0.5-ft interval; some fine gravel in (0.5, 0.5, 1.0,
upper 0.1 ft 1.0, 0.3)
Till, silty, gray 4A 0.5 5.5-6.0
(0JS)
Values in parentheses are footages recovered for each 1.5-ft-spl it-spoon sample.
49
APPENDIX A. Drilling records for boreholes in nearshore sediments of Lake Michigan
LM 1178
Location: 42° 18' 06" N, 87° 49' 21" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 21.0 ft (6.4 m)
Date drilled: 6/25/79
Total depth drilled: 7.5 ft (2.3 m)
Thickness Depth
Material Sample3 (ft) (ft)
Sand, fine to very fine, brownish gray, grayish 1-5 7.0 0-7.0
brown in upper 0.7-ft interval (0.7, 0.5, 0.6,
0.5, 0.3)
Silt and/or clay (till?), gray 5A 0.5 7.0-7.5
(0,3)
Values in parentheses are footages recovered for each 1.5-ft-spl it-spoon sample.
LM 1179
Location: 42° 18' 05" N, 87° 49' 35" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8)
Water depth: 16.8 ft (5.1 m)
Date drilled: 6/25/79
Total depth drilled: 6.4 ft (2.0 m)
Thickness Depth
Material Sample
3 (ft) (ft)
Sand, fine to very fine, brownish gray 1-3 4.5 0-4.5
(0.3, 0.6, 0.7)
No samples taken, but presumably sand, rotary 1.8 4.5-6.3
drilled down 1.8 ft until subbottom (silt
and/or clay) was reached
Silt and/or clay, gray; recovered on drill 4 0.1 6.3-6.4
bit
Values in parentheses are footages recovered for each 1.5-ft-spl it-spoon sample.
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LM 1180
Location: 42° 18' 34" N, 87° 49' 34" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 5.5 ft (1.7 m)
Date drilled: 6/25/79
Total depth drilled: 7.9 ft (2.4 m)
Remarks: On first attempt, no core could be retained in sampler, even with the aid of a
Lukas adapter, which helps to create a partial vacuum at the top of the core
during retrieval. On the second attempt, the 5-ft sampler was driven 5 ft with
only two hammer blows. The sampler was driven an additional 3 ft to compact the
sediment sufficiently in order to retrieve the core. The 3.5 ft of compacted
sand is expanded to an estimated natural thickness of 4.8 ft. The 1.5 ft of
compacted silt and clay may represent as much as 3.1 ft of natural thickness,
although due to the increased compaction pressure with depth, the natural
thickness may be only slightly greater than 1.5 ft.
Thickness Depth
Material Sample (ft) (ft)
Sand, fine to very fine, 10YR 3/2 varying to 5Y 1 1.1 0-1.1
2/2 in bottom 0.2 ft; black woody particles
(0.01-ft long) scattered throughout
Sand, fine to very fine, 2.5Y 3/2; 5Y 2/2 - 2-4 3.7 1.1-4.8
between 2.2 and 2.5 ft, 5Y 3/1 between 3.8
and 3.9 ft; black woody particles present;
0.01-ft silt layers present at 1.9, 3.7, and
4.6 ft
Silt, and/or clay, 5Y 3/1; organic-rich(?) 5, 6 3.1 4.8-7.9
No additional samples taken; a subbottom is
estimated to be at approximately 20 ft below
sediment/water interface
LM 1181
Location: 42° 18' 34" N, 87° 49" 34" W; Waukegan 7.5' Quad.
Lake elevation: 581.4 ft MSL (177.2 m) or 580.1 ft IGLD (176.8 m)
Water depth: 5.5 ft (1.7 m)
Date drilled: 6/25/79
Total depth drilled: 7.5 ft (2.3 m)
Remarks: This hole is 5 ft (1.5 m) from LM 1180 and was taken to verify thicknesses of
sediment types in hole LM 1180.
Thickness Depth
Material Sample3 (ft) (ft)
No recovery (presumably sand) 1,5 0-1.5
Sand, fine, grayish brown changing to brownish 1-3 1.0 1.5-6.0
gray at about 4.0 ft (0.3, 0.3, 0.3)
No recovery (silt and/or clay, very loosely con- 1.5 6.0-7.5
solidated as sampler sank 2.5 ft with one
hammer blow)
Values in parentheses are footages recovered for each 1.5-ft-spl it-spoon sample.
YC r —
.-
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Grain-size analyses of borehole samples in nearshore sediments of Lake Michigan
The following tables (in numerical order by Lake Michigan number of the sample)
show detailed grain-size analyses for samples at the given interval for each
borehole. Standard grain-size analyses were performed in the laboratory with
a series of fifteen sieves (U.S. Standard Sieve Series) at 0.5-<j> intervals.
Footnotes for tables in appendix B
In all the tables, grain-size percentages were calculated to the nearest
0.01% and rounded off to the nearest 0.1%.
The graphic mean (Folk, 1968) was calculated with the equation:
M
z
= (<(>16 + cp50 + <J>84)/3
Sorting, or the inclusive graphic standard deviation (Folk, 1968) was
calculated with the equation:
Oj = (4>84 - <J>16)/4 + (<J>95 - c}>5)/6.6
NC refers to means and standard deviations that were not calculated if
the fraction coarser than-2.5<f> was off the graph at both the 5th and 16th
percentiles, or if the fraction finer than 4.0<f> was off the graph at the 84th
and 95th percentiles.
Some means were approximated if either the fraction coarser than
-2.5(f)
or the fraction finer than 4.0(f) was slightly off the graph at the 16th or
84th percentile. Some standard deviations (sorting) were approximated if
either the fraction coarser than
-2.5(f) or the fraction finer than 4.0(f)
was slightly off the graph at the 5th or 95th percentile.
Asterisks (*) appear in the last two columns of the tables next to means
and standard deviations that were approximated.
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LM 1135
Sample
Depth
(ft)
0-0.5
0.5-1.0
1.0-1.5
5.0-5.7
5.7-6.8
6.8-7.5
7.5-8.0
U.S. Standard Sieve Number
3.5 5 7 10 14 18 25 35 45 60 80 120 170 230 Pan
C-2.5d>) (-2.0d>) (-1.5<J>) <-1.0<p) (-0.5<p)(0(p) (0.5cp) (1.0<j>) (1.5<f>) (2.0<|)) ( 2.5<)>) (3.0<)> ) ( 3.5<j>) (4.04!) (<4.0<|>)
Very coarse Very fine Silt,
clay (<t>)
Mean Sorting
Gravel sand Coarse sand Medium sand Fine sand sand
25.0
1.4 10.3 39.3 25.3 8.1 13.3
2.0 9.2 28.5 19.9 9.5 29.4
0.1 0.1 0.3 0.3 0.3 0.3 0.5
0.1 0.2 0.3 0.3 0.4
0.1 0.1 0.2 0.2 0.7 5.9 19.3 17.0 12.9 43.1
0.1 0.2 0.2 0.3 0.5 2.7 15.3 55.5 19.6 2.6 2.9
1.4 1.5 0.5 0.5 0.4 5.3 49.3 26.2 11.0 2.6 0.5 0.3
0.2 0.1 0.1 0.1 0.1 1.1 6.5 39.9 31.0 8.3 12.1
3.1 2.1 1.5 1.3 1.1 1.1 1.1 1.1 1.5 3.4 16.6 17.8 6.5 17.2
3.14
*3.41
*3.78
2.77
2.00
3.16
NC
(<t>)
0.67
NC
NC
0.42
0.47
*0.64
NC
LM 1136
l 0-0.5 0.3 0.1 0.1 0.1 0.3 0.4 0.3 0.3 0.3 1.6 10.7 57.9 22.0 3.2 2.2 2 .78 0..31
2 0.5-1.0 0.1 0.1 0.2 0.3 0.3 0.7 2.3 15.9 50.9 20.9 3.4 4.6 2 .81 .47
3 1.0-1.5 1.3 0.4 0.1 0.1 0.3 0.3 0.2 0.6 0.8 6.7 29.5 45.0 1.7 11.2 2.7 2 .54 .53
4 4.0-5.0 0.1 0.2 0.2 0.2 0.3 0.7 3.1 29.4 51.8 11.7 1.1 1.0 2 .65 .36
5 5.0-6.0 0.5 0.1 0.1 0.1 0.1 0.3 0.4 2.1 15.7 56.3 14.5 2.1 7.5 2 .80 .51
6 6.0-7.0 53.3 3.8 2.9 2.3 1.5 1.2 1.1 3.2 7.0 3.7 5.2 7.1 2.5 1.0 4.1 NC NC
7 7.0-8.0 3.1 0.9 1.0 1.0 0.9 1.3 2.6 18.3 32.3 14.9 6.9 4.5 2.5 1.6 7.6 1 .51 *1 .45
8 8.0-9.0 6.7 1.1 1.6 1.3 1.1 1.2 2.3 9.7 33.1 20.2 9.1 4.1 2.1 1.3 5.5 1 .42 1 .52
9 9.0-10.0 16.3 2.9 2.9 2.3 1.7 1.7 1.5 5.3 19.7 21.1 7.3 6.3 2.9 1.5 6.3 NC NC
10 10.0-11.0 37.7 3.0 3.3 3.4 2.9 2.0 1.9 13.9 15.8 9.5 3.2 1.5 0.6 0.5 0.3 NC NC
11 11.0-12.0 37.1 6.2 5.7 5.3 4.9 4.1 2.9 2.4 5.1 13.1 4.7 2.2 1.1 0.7 3.7 NC NC
12 12.0-13.0 29.7 5.8 5.6 6.2 6.3 5.5 4.3 3.6 6.7 13.4 7.2 2.1 0.9 0.6 2.3 NC NC
13 13.0-14.0 38.6 9.7 10.4 8.7 6.7 5.5 3.1 2.3 2.8 6.0 1.8 1.1 0.5 0.4 1.7 NC NC
14 14.0-15.0 0.4 9.9 11.5 8.4 6.3 4.5 3.3 2.9 3.3 4.3 2.9 1.5 1.0 0.7 3.3 NC NC
15 15.0-16.0 40.1 9.3 10.3 6.7 5.7 4.6 3.5 3.3 3.2 3.9 1.9 1.7 1.0 0.7 3.6 NC NC
16 16.0-17.0 37.6 9.4 11.1 4.5 0.6 4.5 4.3 3.9 3.9 3.1 1.8 1.1 0.8 0.1 3.5 NC NC
LM 1137
1 0-0.5 0.1 0.1 0.1 0.1 0.2 0.3 1.3 5.8 42.4 37.1 8.2 4.7 3.00 0.44
2 0.5-1.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.5 2.1 9.6 42.1 30.3 8.1 5.7 2.99 0.51
3 1.0-1.5 0.1 0.1 0.1 0.1 0.2 0.9 2.7 9.9 40.0 31.3 8.4 6.1 3.00 0.52
4 1.5-2.0 .2 0.1 0.1 0.1 0.3 1.7 6.6 29.8 30.1 9.6 21.1 3.38 NC
5 2.0-2.5 0.1 0.1 0.1 0.3 1.4 6.9 35.7 29.1 8.3 17.1 3.30 *0.77
6 2.5-3.0 0.1 0.1 0.1 0.1 0.3 3.1 7.9 27.1 35.4 11.7 14.1 3.23 *0.72
7 5.0-5.5 0.1 0.1 0.1 1.5 8.6 42.5 35.3 7.9 2.8 2.98 0.43
8 5.5-6.0 0.1 0.1 0.1 0.1 0.2 0.3 1.1 5.9 14.6 46.1 26.1 4.5 1.5 2.76 0.49
9 6.0-6.5 0.2 0.1 0.1 0.1 0.6 3.5 14.1 45.9 26.6 6.6 3.5 2.86 0.48
10 6.5-7.0 0.1 0.1 0.1 0.1 0.1 0.3 2.5 11.0 60.1 19.7 3.3 2.9 2.83 0.37
11 7.0-7.5 .4 0.1 0.3 0.3 0.3 0.4 0.5 0.5 0.5 0.8 4.5 51.3 26.3 5.3 8.2 2.96 0.53
12 7.5-8.0 45 .1 6.8 7.0 4.4 3.7 3.1 2.0 1.7 1.3 1.5 2.5 9.9 5.2 1.4 4.7 NC NC
13 8.0-8.7 0.1 0.1 0.1 0.1 0.3 1.3 5.2 17.1 22.2 53.6 NC NC
14 8.7-9.0 0.1 1.5 22.6 27.7 17.7 12.3 6.6 11.2 2.69 0.85
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LM 1138
U.S. , Standard Sieve Number
3.5 5 7
(-2.54>)(-2.0<|>)(-1.54>)
10 14 18
(-1.0(j>) (-0.540 (040
25
(0.540
35
(1.0$)
45
U.5<(>)
60
(2.0<)>)
80
(2.5<|))
120
(3.040
170
(3.5.J0
230 Pan
(4.04)) (<4.040
Sample
Depth
(ft) Gravel
Very coarse
sand Coarse : sand Medium sand Fine sand
Very fine Silt,
sand clay
Mean
(40
Sorting
(<t0
1 Or-0.5 0.1 0.2 0.3 0.3 0.5 0.7 1.2 6.1 40.3 34.9 6.0 1.9 6.7 2.55 *0.65
2 0.5-1.0 0.5 0.1 0.1 0.3 0.3 0.3 0.3 0.6 3.7 30.9 44.7 10.4 1.8 4.1 2.66 0.57
3 1.0-1.5 1.0 0.3 0.3 0.5 0.5 0.5 0.5 1.1 4.0 33.1 39.5 9.4 2.2 5.9 2.61 0.67
4 1.5-2.0 0.3 0.5 0.6 0.6 0.7 0.7 1.1 4.7 35.9 41.8 9.0 1.7 4.5 2.57 0.46
5 2.0-2.5 0.8 0.4 0.3 0.1 0.1 0.1 0.1 0.2 0.5 16.8 25.9 44.9 2.4 6.5 2.96 *0.62
6 5.0-5.5 0.4 0.4 0.4 1.1 1.5 1.0 0.9 0.9 1.5 6.5 35.3 36.9 6.9 1.1 5.2 2.50 0.80
7 5.5-6.0 3.0 0.1 0.8 0.7 0.9 0.1 0.6 0.5 1.3 5.7 33.6 40.7 8.0 1.1 3.0 2.48 0.84
e 6.0-6.5 5.8 0.5 1.2 1.3 1.3 1.0 0.8 0.8 1.8 5.9 31.4 36.9 7.4 0.8 3.0 2.33 *1.17
9 6.5-7.5 3.5 1.2 1.1 2.5 2.7 1.9 1.5 1.3 1.7 4.9 28.3 34.7 7.0 1.1 6.5 2.18 *1.48
10 7.5-8.5 7.7 1.7 1.2 3.2 3.6 2.4 2.0 1.5 1.6 4.2 24.2 31.1 6.5 1.2 8.2 1.52 NC
11 8.5-9.0 31.3 4.4 2.7 2.1 1.8 1.5 1.4 1.5 2.1 4.4 9.9 11.2 6.1 4.0 14.4 NC NC
LM 1139
l 0-0.25 0.3 0.3 0.3 0.4 0.4 0.8 2.3 8.0
2 0,25-0.5 0.1 0.2 0.4 0.4 0.5 0.6 1.7 7.1
3 0.5-0.75 0.1 0.1 0.2 0.5 0.6 0.4 0.4 0.5 1.6
4 0.75-1.0 0.1 0.2 0.5 0.5 0.3 0.4 0.5 1.9
5 5.0-5.25 0.1 0.5 0.5 0.5 0.3 0.3 0.5 1.8
6 5.25-5.5 0.1 0.1 0.1 0.1 0.3 0.9 3.1
7 5.5-5.8 0.1 0.1 1.1 0.8 0.5 0.7 1.3 3.8 7.0
8 5.8-6.0 14 .1 1.3 1.3 0.9 1.1 1.1 1.3 2.8 4.6 7.6
19.3 19.5 33.9 9.7
11.9 19.2 40.4 11.0
4.1 9.1 41.4 18.6
2.6 6.4 33.3 21.4
4.7 10.1 54.7 18.8
7.0 10.9 54.2 18.9
38.1 28.9 12.3 4.5
5.7 6.1 30.9 15.9
4.7 2.83 0.73
6.4 2.95 0.73
23.5 3.53 0.76
31.4 3.72 NC
7.2 3.25 0.52
4.5 3.21 0.54
0.7 2.53 0.62
5.5 1.70 NC
LM 1140
1 0-0.4 0.1 0.1 0.1 0.2 0.3 0.3 1.0
2 0.4-0.8 1.2 0.1 0.1 0.2 0.3 0.5 0.7 1.4
3 0.8-1.2 1.7 0.9 0.6 0.4 0.5 0.6 0.5 0.5 0.6
4 1.2-1.7 27.5 2.6 2.5 10.3 6.0 3.6 2.7 1.9 1.5
4.2 9.4 10.2 46.7 20.3 6.7 3.21 0.64
3.8 10.5 7.8 45.6 19.8 8.3 3.14 0.73
1.7 2.3 3.3 45.8 27.3 13.0 3.51 0.82
10.1 11.3 12.1 7.1 1.2 0.3 NC NC
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LM 1141
U.S. Standard Sieve Number
3.5 5 7 10 14 18 25 35 45 60 80 120 170 230 Pan
(-2.5<()) (-2.0*) (-1. 5*) (-1.0d>) C-0. 5d>) <0<J.) (0.5*) (1.0*) (1.5*) (2.0*) (2.5*) (3.0*) (3.5*) (4.0*) (<4.0*)
Depth Very coarse Very fine Silt, Mean Sorting
Sample (ft) Gravel sand Coarse sand Medium sand Fine sand sand clay (*) (*)
1 0-0.9 0.1 0.3 0.3 0.3 0.2 0.1 0.2 1.3 15.0 53.7 20.3 4.1 4.1 2.83 0.46
2 0.9-2.2 0.1 0.2 0.3 0.2 0.1 0.1 0.2 1.1 13.8 46.9 24.3 5.3 6.9 2.93 0.53
3 2.2-3.5 0.2 0.2 0.3 0.3 0.3 0.2 0.1 0.2 1.1 9.3 47.3 25.9 5.9 8.9 2.97 0.57
4 5.0-6.5 0.1 0.1 0.1 0.1 0.1 0.1 0.3 1.0 3.2 21.9 46.8 12.5 13.7 3.31 0.58
5 6.5-8.0 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.8 7.2 47.0 32.1 6.1 6.0 2.99 0.42
6 10.0-11.2 0.6 0.1 0.1 0.2 0.3 0.3 0.2 0.3 1.3 9.1 44.5 33.7 6.6 2.5 2.93 0.43
7 11.2-11.7 0.3 0.3 1.6 2.5 2.8 2.1 0.8 0.5 0.6 1.6 3.1 22.2 46.2 10.3 6.1 3.03 0.88
8 11.7-12.5 0.2 0.3 0.2 0.1 0.1 0.1 0.2 0.8 1.8 13.7 59.5 15.0 8.0 3.31 0.42
9 12.5-13.7 0.1 0.1 0.1 0.1 0.5 3.0 2.8 5.1 57.1 20.5 10.7 3.38 0.49
10 13.7-15.0 0.1 0.1 0.1 0.1 0.7 1.9 2.5 3.4 53.7 25.9 11.1 3.46 0.46
11 15.0-16.8 0.1 0.1 0.4 0.2 0.2 0.2 0.3 1.8 6.7 20.4 47.7 18.1 3.8 3.16 0.51
12 16.8-17.5 4.1 7.5 18.1 21.5 10.3 2.4 0.7 0.5 0.7 1.1 1.7 3.1 16.5 8.8 2.6 0.17 *2.28
13 17.5-20.0 0.1 0.1 0.1 0.4 0.4 1.9 50.1 29.2 17.2 3.59 *0.49
14 20.0-21.2 0.1 0.3 0.7 1.7 3.1 5.3 9.5 53.8 21.5 4.0 3.27 0.52
15 21.2-22.5 0.1 0.3 0.5 0.8 1.3 2.5 2.3 2.0 5.3 54.9 24.8 5.3 3.38 0.57
16 22.5-22.8 22.8 11.3 10.8 7.6 6.1 5.4 4.6 3.7 3.5 1.1 0.7 0.7 6.6 9.3 5.7 NC NC
LM 1142
1 0r2.0 0.1 1.1 4.0 52.5 33.0 6.4
2 2.0-4.0 0.1 0.1 0.3 0.9 14.5 60.5 15.3
3 5.0-6.5 0.1 0.1 0.1 0.3 0.9 4.8 5.3 26.9 46.7 11.2
4 6.5-7.5 0.1 0.1 0.1 0.1 0.1 0.1 0.5 1.8 3.1 2.1 47.7 33.7
5 7.5-9.3 0.1 0.1 0.1 0.3 0.4 1.2 50.3 33.9
6 10.0-11.7 0.1 0.2 0.5 0.7 0.5 0.4 0.3 0.5 0.9 2.1 2.2 3.3 49.6 31.4
7 11.7-13.4 0.1 0.1 0.1 0.1 0.5 0.5 1.0 41.6 40.3
8 13.4-15.0 0.1 0.1 0.1 0.1 0.2 0.3 0.3 1.2 40.5 38.7
9 15.0-15.3 0.1 0.1 0.2 0.5 1.3 4.5 3.3 7.8 45.5 27.6
10 15.3-15.5 30.1 1.9 1.9 4.6 4.7 5.3 6.7 19.6 9.7 3.1 1.2 5.4 4.4 0.9
3.3 2.99 0.36
8.1 3.33 0.42
3.2 3.07 0.53
10.4 3.47 0.49
13.1 3.54 *0.38
7.7 3.43 0.50
15.7 3.58 *0.42
18.3 3.66 *0.49
8.5 3.33 0.59
0.4 NC NC
LM 1143
1 0-0.8 0.1 0.1 0.1 0.1 0.5 0.8 5.7 62.9 21.5
2 0.8-1.5 0.1 0.2 1.3 1.2 6.0 62.7 19.8
3 5.0-6.3 0.1 0.1 0.1 0.1 0.5 2.3 2.8 2.6 47.2 36.5
4 6.3-7.5 0.1 0.1 0.1 0.1 0.1 0.2 0.7 0.9 1.5 45.3 37.7 13.4
5 10.0-10.8 0.1 0.1 0.1 0.1 0.1 0.2 0.7 2.5 4.5 3.0 38.1 40.4
6 10.8-11.0 6.0 0.1 0.5 0.5 0.6 0.8 0.9 1.4 2.3 8.7 11.8 5.2 16.9 28.8 15.3
8.1 3.40 0.38
8.4 3.40 0.44
7.6 3.45 0.45
.3. 3.53 *0.43
9.8 3.49 0.50
.5. 3.00 *1.64
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LM 1144
u.s,
,
Standiird Sieve Number
3.
(-2.
5
5*3 C-
5
-2.
7
0<f>)(-1.5<(>)
1C
(-1.
1 14
0(f)) (-0.
18
5<f>)(0*)
25
(0.5$)
35
(1.040
45
(1.5*)
60
(2.0<j>)
80
(2.5(f))
120
(3.0<j))
170
(3.5(f))
230
(4.0<f>)
Pan
(<4.0<j>)
Sample
Depth
(ft) Gravel
Very
s
coarse
and Coarse ! sand Mediun i sand Fine sand
Very fine
sand
Silt,
clay
Mean
(<t>)
Sorting
(<t>)
1 0-1.0 .1 0.1 0.3 1.1 21.3 58.9 13.2 5.23 3.23 0.35
2 1.0-2.0 .1 0.1 0.1 0.1 0.1 0.1 0.7 1.0 18.6 57.5 13.4 8.7 3.26 0.45
3 2.0-3.0 0.1 0.1 0.1 0.2 0.7 2.7 6.9 29.9 44.9 9.4 5.3 3.07 0.50
4 5.0-6.0 0.3 0.1 0.1 0.1 0.1 0.1 1.1 2.4 5.1 37.1 44.7 7.7 1.7 3.05 0.45
5 6.0-7.2 0.1 0.1 0.2 0.3 1.3 5.2 8.2 5.5 47.8 22.8 8.7 3.17 0.71
6 7.2-8.5 0.1 0.1 0.1 0.1 0.1 0.6 0.6 1.4 54.7 30.1 11.7 3.51 0.37
7 10.0-11.2 0.5 0.4 0.7 0.6 0.6 0.9 1.9 3.8 4.4 5.7 41.4 32.1 7.7 3.24 0.71
8 11.2-12.4 0.1 0.1 0.2 0.1 0.3 1.2 3.7 2.3 3.2 42.4 35.1 11.3 3.47 0.55
9 12.4-13.5 0.1 0.1 0.3 2.4 9.3 10.1 2.0 29.6 34.4 10.9 4.9 2.66 0.83
10 15.0-15.8 0.6 0.1 0.3 2.8 3.9 16.7 49.9 21.5 4.7 3.23 0.51
LM 1145
1 0-1.0 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.2 1.9 20.7 49.6 22.7 2.5 1.3 2.77 0.41
2 1.0-2.3 0.1 0.1 0.1 0.1 0.1 0.1 1.2 8.1 40.6 38.6 6.1 4.9 2.98 0.42
3 2.3-3.5 0.2 0.
1
0.1 0.5 0.1 10.9 48.3 30.3 5.5 4.1 2.94 0.44
4 5.0-6.5 0.9 0.1 0.1 0.1 0.1 0.1 0.1 0.2 1.2 6.7 42.4 41.5 5.4 2.5 2.98 0.37
5 6.5-8.0 0.4 0.1 0.1 0.1 0.1 0.2 0.3 1.0 0.9 15.6 63.7 12.4 5.5 3.25 0.35
6 10.0-11.7 0.1 0.1 0.1 0.1 0.2 0.3 2.2 1.1 11.8 63.9 14.3 5.5 3.30 0.35
7 11.7-13.5 0.1 0.1 0.1 0.1 0.1 0.2 0.6 1.1 10.4 65.1 15.3 6.9 3.31 0.35
8 15.0-16.4 0.1 0.5 0.2 0.1 0.1 0.1 1.5 0.2 0.4 2.7 10.8 61.5 16.5 5.2 3.28 0.39
9 16.4-17.7 000000 00 0.1 0.3 0.5 10.5 61.9 23.1 3.3 3.33 0.29
10 17.7-18.2 26.9 9.2 7.2 6.5 6.7 6.8 8.3 6.7 3.6 2.8 2.2 1.1 5.2 2.9 3.9 NC NC
LM 1146
1 0-1.0 0..9 0..1 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.7
2 1.0-2.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
3 2.2-3.5 0.1 0.1
4 5.0-6.0 0.1 0.1 0.3
2.0 39.9 47.3 6.3
0.9 13.9 63.4 14.7
0.2 6.6 64.6 18.7
0.5 5.4 37.9 17.8
2.1 3.05 0.29
6.6 3.28 0.35
9.7 3.33 0.37
37.3 *3.89 NC
LM 1147
1 0-1.0 0.1 0.1 0.1 0.1 0.1 0.1 0.9 2.1
2 5.0-6.5 0.1 0.2 0.7 2.7
3 6.5-8.0 0.1 0.1 0.1 0.1 0.7 1.6
4 8.0-8.1 23 .7 1 .5 2 .1 1.1 0.9 0.5 0.6 0.5 0.4 0.3 0.3
4.3 57.9 25.7 8.6 3.43 0.41
4.4 61.4 22.6 7.2 3.41 0.39
4.1 60.9 22.5 9.6 3.42 0.37
0.7 6.4 11.7 50.1 NC NC
LM 1148
1 0-2.5 0.1 0.1 0.1 0.1 0.1 0.2 0.7 4.2 23.7 42.1 13.0 15.7 3.31 *0.66
2 2.5-4.5 0.1 0.1 0.1 0.1 0.1 0.1 0.4 1.5 18.2 61.1 11.8 6.6 3.25 0.36
3 4.5-4.6 7.2 2.1 2.9 2.7 2.4 1.6 1.1 0.7 1.1 4.9 4.7 4.1 5.8 3.3 55.7 NC NC
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LM 1149
U.S. Standard Sieve Number
4.3 1.7 2.92 0.41
0.9 0.9 2.56 0.22
8.3 5.2 3.12 0.32
7.5 1.7 3.04 0.38
3.3 2.6 2.91 0.25
.3.7 2.7 3.22 0.37
.4.8 4.1 3.22 0.47
3.5 5 7 10 14 18 25 35 45 60 80 120 170 230 Pan
(-2.5<t>)(-2.0<|>)(-1.5<|>) (-1.0*)(-0.5*)(0*) (0.5*) (1.0*) (1.5(f)) (2.0*) (2.5*) (3.0*) (3.5*) (4. 0*) (<4.0*)
Depth Very coarse Very fine Silt, Mean Sorting
Sample (ft) Gravel sand Coarse sand Medium sand Fine sand sand clay (*) (*)
1 0-1.2 0.2 0.1 0.1 0.1 0.1 0.3 0.9 4.1 7.7 43.1 37.3
2 1.2-2.7 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.8 41.7 49.7 6.7
3 2.7-4.0 0.1 0.1 0.3 1.3 33.3 51.4
4 5.0-6.7 0.1 0.2 0.1 0.1 0.1 0.3 0.7 2.6 5.6 33.3 47.6
5 6.7-7.7 0.8 0.1 0.1 0.1 0.1 0.1 0.6 0.5 0.7 70.5 19.7
6 10.0-11.7 0.3 0.2 0.2 0.1 0.1 0.2 0.4 1.2 2.1 16.2 62.7 13.
7 11.7-13.2 0.1 0.1 0.1 0.1 0.1 0.3 0.5 0.9 1.5 1.9 3.3 13.5 59.3 14.
LM 1150
2.5 75.1 13.4 2.0 1.0 2.88 0.31
1.3 13.7 64.3 14.3 4.5 3.27 0.34
1.7 16.0 61.4 14.5 4.5 3.24 0.37
2.5 12.4 33.5 9.1 11.3 U.55 NC
LM 1151
1 o-i.o
~~ ~
2 1.0-2.0
3 2.0-3.0
1 0-1.5 0.2 0.3 0.3 0.5 0.3 0.5 0.6 1.2 1.3
2 1.5-3.0 0.1 0.1 0.1 0.1 0.2 0.3 0.8
3 3.0-4.1 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.2 0.8
4 4.1-4.2 14 .9 2.2 2.2 2.2 2.9 1.8 1.4 1.1 1.1 1.4
LM 1157
LM 1159
0.1 0.1 0.1 0.9 9.3 58.2 17.5 12.9 3.37 *0.52
0.1 0.1 0.3 2.8 55.5 27.9 14.3 3.47 *0.42
0.1 0.2 0.3 0.2 0.2 0.2 0.3 0.6 5.8 45.9 19.3 26.7 *3.88 NC
LM 1156
1 0-1.3 0.1 0.1 0.2
2 1.3-2.5 0.1 0.2 0.5
0.4 9.5 69.9 15.5 4.6 3.31 0.30
1.5 25.0 54.3 14.9 3.7 3.22 0.36
0-2.9 0.1 0.1 0.1 0.1 0.2 0.5 1.6 1.1 1.7 45.3 37.5
28.5 32.9 18.9 3.4
21.5 24.6 19.9 3.9
8.9 47.3 30.5 5.8
10.0 41.8 33.5 6.5
5.3 44.5 37.5 7.6
8.9 25.3 37.5 2.9
11.7 30.1 23.3 3.9
LM 1158
l 0-0.8 0.1 0.4 0.7 0.9 1.5 2.1 9.5
2 0.8-1.8 0.3 0.5 0.7 0.9 1.0 1.3 2.7 7.5 12.6
3 1.8-2.3 0.4 0.7 0.7 0.3 0.2 0.1 0.1 0.3 1.3
4 2.3-4.5 0.2 0.3 0.3 0.3 0.3 0.4 0.6 1.6
5 5.0-6.8 .2 0.3 0.3 0.1 0.1 0.1 0.1 0.2 0.3 0.9
6 6.8-9.0 0.1 0.1 0.1 0.1 0.2 0.4 1.0 3.5
7 10.0-11.0 4 .1 1.0 0.7 0.9 1.5 2.3 3.1 4.5 4.7 8.1
0.8 2.60 0.60
2.1 2.43 0.87
3.6 2.92 0.44
4.2 2.95 0.48
2.9 3.00 0.42
19.9 *3.59 NC
1.1 2.19 1.45
1 0-1.3 .3 0.2 0.2 0.2 0.3 0.4 0.7
2 1.3-2.5 0.1 0.1
3 5.0-6.8 0.1 0.1 0.2 0.5
4 6.8-8.3 0.1 0.1 0.2 0.3 0.5 0.7
1.7 13.3 41.1 33.0
1.1 9.1 50.1 31.1
1.7 19.7 51.6 22.1
3.0 18.8 52.9 20.5
6.5 2.7 2.91 0.44
5.2 3.2 2.91 0.40
2.5 1.8 2.78 0.38
2.6 0.8 2.76 0.41
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LM 1160
u.s , Standard Sieve Number
3.
(-2.
5 5 7
5<J>)(-2.040(-1.5<f>)
1C
(-1.
1 14 18
040 (-0.540 (040
25 35
(0.5<)>) (1.040
45 60
(1.5(f)) (2.0(f))
80
(2.5(f))
120
(3.0(f))
170 230
(3.5(f)) (4.0(f))
Pan
(<4.0(f>)
Sample
Depth
(ft) Gravel
Very coarse
sand Coarse sand Medium sand Fine sand
Very fine
sand
Silt,
clay
Mean
(40
Sorting
(*:
1 0-1.3 0.1 0.1 0.3 0.2 0.1 0.1 0.3 1.2 13.7 47.3 28.8 5.4 2.5 2.90 0.42
2 1.3-3.0 0.1 0.1 0.1 0.2 0.2 0.3 0.3 1.1 11.2 49.5 27.5 5.5 4.7 2.89 0.41
3 5.0-6.7 1.1 0.3 1.1 1.0 1.2 1.2 1.2 1.3 1.5 3.0 16.5 41.9 23.4 4.5 0.7 2.72 0.81
LM 1161
30.5 8.9 9.5 7.6 6.7 5.7 5.0 9.0 6.8 3.7 1.3
LM 1162
1 0-1.5 — 0.1 0.1 0.1 0.1 0.4 2.5 13.6 57.3 22.0 2.4
2 1.5-3.0 — 0.1 0.2 0.2 0.4 0.9 4.1 22.3 53.0 16.2 1.6
3 3.0-4.5 — 0.1 0.2 0.1 0.2 0.2 1.2 6.2 32.4 42.5 12.9
4 4.5-6.0 — 0.2 0.2 0.4 2.1 10.7 19.1 20.8 30.8 8.3
5 6.0-6.8 — 0.1 0.1 0.2 0.7 2.0 3.2 10.0 48.3 18.1
5A 6.8-7.5 — 10.8 2.5 1.8 1.4 1.0 0.8 1.0 3.3 8.0 6.8 9.5 28.2 9.1
6 7.5-8.0 — 2.6 1.5 2.1 3.1 3.6 3.5 4.1 6.3 8.0 6.3 5.9 5.2 5.8
LM 1163
l 0-0.3
2 0.5-0.8
3 1.0-1.3
4 1.5-1.8
5 2.1-2.5
6 3.0-3.3
7 4.3-4.6
8 5.2-5.6
9 6.2-6.6
10 7.2-7.6
11 8.2-8.5
LM 1164
l 0-1.5
2 1.5-3.0
3 3.0-4.5
4 4.5-6.0
5 6.0-7.5
6 7.5-9.0
7 9.0-9.5
1.9 2.88 0.27
0.8 2.69 0.40
3.8 3.10 0.44
7.2 2.81 0.74
17.1 3.45 0.60
16.2 2.60 NC
40.9 NC NC
0..4 1.6 9,.5 14.0 11.9 8.1
0.2 0.5 0,,3 0.3 0,.3 0.4 0.6 0.7
0.2 0,,2 0.2 0..2 0.2 0.3 1.1
0..1 0.1 0..2 0.2 0.5 1.7
0.1 0.,1 0.1 0.1 0.2 0.7
0.1 0.1 0.5
0.1 0.4
0.1 0.4
0.2
0.1
0.2 0.1 0.1
5.6 10.4 12.1 7.6
2.0 22.9 58.8 7.7
3.8 11.4 50.6 25.9
5.6 14.9 47.4 22.5
1.5 14.1 43.2 28.9
2.5 13.0 63.1 17.8
0.6 37.3 55.8 5.3
1.2 36.8 46.1 11.5
1.4 8.6 60.3 23.7
0.3 2.7 25.3 46.2 15.5
1.3 5.8 12.6 11.3
2.3 13.9 2.05 NC
1.1 2.1 2.65 0.40
3.1 1.1 2.80 0.45
3.5 2.0 2.77 0.53
5.1 4.2 2.88 0.52
2.1 0.9 2.75 0.33
0.8 1.5 2.55 0.26
0.8 1.4 2.63 0.38
4.0 1.7 2.87 0.35
.5. 9.8 3.24 0.49
.1. 68.6 NC NC
0.3 0.2 0.2 0.3 0.2 0.2 0.5
1.5 0.3 0.4 0.3 0.3 0.2 0.3 0.8
0.3 0.2 0.3 0.3 0.5 1.1
0.1 0.2 0.4 0.8
0.4 0.2 0.4 0.5 0.8 1.0
0.3 0.6 1.3 1.2 0.5 0.8 1.2 2.0
2.3 0.7 1.2 1.2 3.1 3.2 9.2 6.4
2.0 8.9 39.0 34.1 6.1 7.7 2.97 0.58
4.4 18.9 45.8 20.9 3.3 2.4 2.69 0.49
5.6 22.0 46.5 18.5 2.6 2.2 2.68 0.47
3.2 10.4 17.3 7.3 3.4 57.9 NC NC
2.9 8.6 15.0 7.9 4.5 57.2 NC NC
5.8 12.7 19.4 9.8 4.9 39.0 NC NC
8.1 5.3 6.5 5.8 6.5 '39.9 NC NC
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LM 1165
U.S. Standard Sieve Number
3.
(-2.
5 5 7 1C
5*) (-2.0*) (-1.5*) (-1.
1 14
0*)(-0.
18
5*) (00)
25
(0.5*)
35
(1.0*)
45
(1.5*)
60
(2.0*)
80
(2.5*)
120
(3.0*)
170
(3.5*)
230
(4.0*)
(
Pan
<4.0*)
Depth
Sample (ft) Gravel
Very
s
coarse
and Coarse sand Medium sand Fine sand
Very fine
sand
Silt,
clay
Mean
(*)
Sorting
(*)
1 0-0.4 — 2.5 0.2 0.2 0.2 0.4 0.7 1.6 5.3 53.5 28.9 4.7 0.4 0.6 2.42 0.42
2 0.4-1.1 - 0.1 0.1 0.1 0.2 0.7 4.9 26.0 55.0 11.3 0.7 0.4 2.60 0.37
3 1.1-1.8 — 0.1 0.1 0.1 0.3 1.1 6.4 37.8 45.9 7.4 0.8 0.6 2.50 0.36
4 1.8-2.5 ~ 0.1 0.1 0.2 0.6 1.7 35.9 49.7 9.9 0.9 1.5 2.62 0.31
5 2.5-3.2 - 0.1 0.2 0.9 6.0 24.9 52.5 12.8 1.2 0.7 2.62 0.41
6 3.2-4.0 - 0.2 0.1 0.2 0.9 5.1 22.4 50.1 17.0 1.9 1.1 2.68 0.43
7 4.0-5.0 - 0.1 0.2 0.6 3.6 19.3 55.8 16.4 2.0 1.4 2.75 0.39
8 5.0-5.5 0.1 0.1 0.2 0.8 4.7 17.9 48.2 22.4 3.6 1.3 2.77 0.45
9 5.5-6.1 - 0.1 0.2 0.2 0.4 0.8 1.3 3.0 7.3 46.2 28.3 9.1 0.9 1.3 2.42 0.50
10 6.1-6.3 -+ 43.8 5.8 8.1 5.4 7.0 4.8 4.0 4.0 4.8 5.7 4.6 1.3 0.2 0.4 NC NC
LM 1166
l 0-1.5 ~ 0.6 0.2 0.2 0.2 0.2 0.1 0.1 0.1
(
12.7 57.1 22.8 2.0 3.6 2.84 0.39
2 1.5-3.0 - 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.2 16.8 53.5 16.9 4.3 6.8 2.82 0.52
3 3.0-4.0 ~ 2.6 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 16.7 48.0 19.5 1.5 7.7 2.85 *0.65
3« 4.0-4.5 - 3.0 0.9 0.7 0.5 0.5 0.6 0.6 0.9 0.5 9.4 34.6 21.9 4.9 21.8 3.25 *1.36
4 4.5-6.0 - 2.7 0.4 0.6 0.4 0.2 0.2 0.2 0.2 0.3 15.2 38.2 20.2 5.1 15.3 3.07 *0.90
5 6.0-7.5 - 0.7 0.3 0.4 0.2 0.2 0.3 0.2 0.2 0.5 21.6 31.7 15.7 5.1 21.2 *3.27 NC
6 7.5-9.0 " 2.2 0.5 0.6 0.4 0.3 0.4 0.4 0.6 2.1 13.8 31.8 16.2 7.9 22.1 3.27 NC
7 9.0-10.5 - 0.2 0.5 0.2 0.2 0.1 0.1 0.2 3.4 15.6 32.7 18.2 8.9 18.9 3.17 NC
8 10.5-12.0 ~ 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.7 2.1 27.0 24.1 12.2 5.7 26.2 NC NC
9 12.0-13.5 - 0.1 0.1 0.9 13.7 30.1 22.2 12.2 4.7 2.6 13.1 2.37 NC
10 13.5-15.0 - 0.6 0.1 0.5 0.7 0.4 0.3 0.5 2.4 10.3 17.4 17.7 10.8 7.3 29.9 NC NC
11 15.0-16.5 - 0.1 0.1 0.4 0.6 0.7 0.6 0.7 2.8 14.9 27.6 22.6 7.6 3.8 16.9 2.83 NC
12 16.5-18.0 - 0.5 0.2 0.4 0.7 0.6 1.0 2.8 8.3 22.4 15.5 6.9 4.2 4.1 31.2 NC NC
13 18.0-19.5 - 0.3 0.4 0.6 1.2 0.8 0.8 0.9 2.2 7.5 25.3 18.9 9.3 5.9 23.9 *3.15 NC
14 19.5-21.0 — 26.1 8.6 8.7 5.8 3.4 3.8 3.5 2.5 1.2 3.4 2.5 2.5 1.7 23.2 NC NC
LM 1167
l 0-0.8 — 0.7 0.4 0.6 0.5 0.2 0.2 0.2 0.3 0.2 5.3 25.6 34.6 10.2 20.3 3.44 NC
1A 0.8-1.5 -- 7.3 3.3 4.9 7.9 2.6 4.0 3.8 3.5 2.1 6.1 6.1 8.1 4.5 34.7 NC NC
2 1.5-3.0 — 0.3 1.0 3.0 5.0 4.1 5.0 5.9 6.6 6.1 4.8 4.8 3.8 3.4 43.7 NC NC
LM 1168
l 0-1.5 — 0.1 0.1 0.1 0.1 0.2 0.7 4.2 16.2 55.2 18.7 2.6 0.8 2.75 0.40
2 1.5-3.0 - 0.2 0.1 0.1 0.4 0.7 10.5 47.5 27.7 3.4 8.5 2.93 *0.58
3 3.0-4.5 — 0.1 0.3 4.1 44.1 35.1 6.0 9.9 3.07 *0.58
4 4.5-6.0 - 0.5 0.1 0.1 0.1 0.1 0.1 0.5 1.9 6.7 37.5 33.7 8.4 10.5 3.13 *0.63
5 6.0-7.5 - 20.7 0.1 0.5 0.3 0.3 0.2 0.2 0.4 1.5 6.0 20.9 32.0 9.0 7.8 NC NC
6 7.5-9.0 ~ 11.8 1.0 1.3 1.9 2.0 1.7 1.4 1.9 12.8 19.8 20.8 10.6 3.2 8.9 1.61 NC
7 9.0-10.5 - 40.3 5.0 8.2 6.6 5.2 5.3 4.2 4.0 3.7 2.4 2.3 1.6 1.3 8.8 NC NC
8 10.5-12.0 - 12.1 2.5 4.2 5.5 9.1 13.2 11.4 6.7 3.4 5.7 3.3 2.5 1.1 18.0 *1.37 NC
59
APPENDIX B. Grain-size analyses of borehole samples (% retained in each sieve)
LM 1169
Sample
Depth
(ft)
U.S. Standard Sieve Number
3.5 5 7 10 14 18 25 35 45 60 80 120 170 230 Pan
<-2.5d>) (-2.0i(>) (-1.5d.) (-1.0(f)) (-0. 5*) (0$) (0.5$) (1.0$) (1.5.))) (2.0$) (2.5$) (3.0$) (3.5$) (4. 0$) (<4.0$)
Very coarse Very fine Silt,
Gravel sand Coarse sand Medium sand Fine sand sand clay
Mean
«>)
Sorting
(*)
1 0-1.5
2 1.5-3.0
3 3.0-3.8
0.4 0.4 0.2 0.1 0.1 0.1 1.0 1.5 0.4 10.2 27.1 24.6 9.4 25.8
0.3 0.6 0.5 0.7 2.2 22.6 20.1 10.1 5.9 36.4
0.3 0.1 0.1 0.1 0.2 0.4 9.1 11.7 13.2 10.9 53.0
*3.44 NC
NC NC
NC NC
LM 1170
l 0-1.5
2 1.5-3.0
3 3.0-4.5
4 4.5-4.8
4A 4.8-6.0
5 6.0-7.4
0.1 0.1 0.1 0.2 0.3 13.9 48.9 25.4 4.6 5.B 2.89 0.50
1.1 0.1 0.2 0.3 0.2 0.2 0.4 12.0 50.0 20.1 6.0 9.8 2.91 0.55
0.8 0.8 1.3 1.5 2.0 1.6 1.2 1.3 3.7 9.4 22.6 16.6 6.5 29.3 NC NC
16.3 3.4 4.5 2.3 2.2 1.3 0.9 1.1 3.6 9.8 24.1 16.2 4.0 8.9 1.32 NC
3.2 1.8 2.5 1.9 2.8 2.8 1.9 2.6 5.5 26.4 19.5 10.4 2.9 13.9 2.42 NC
0.6 0.6 0.7 0.7 1.1 0.9 1.1 3.2 14.9 32.8 26.3 8.7 2.0 5.5 2.41 0.87
LM 1171
1 0-1.5
2 1.5-3.0
3 3.0-4.5
4 4.5-5.8
4A 5.8-6.0
0.2 0.2 0.2 0.1
0.4 0.1 0.2 0.1 0.1
0.7 0.2 0.2 0.1 0.2
1.9 0.3 0.7 0.6 1.0
56.3 6.5 6.9 4.5 2.0
0.2 0.2 0.6
0.1 0.2 0.8
0.1 0.1 0.3
0.9 1.3 4.0
2.1 2.0 2.2
0.9 14.5 50.4 13.8
1.7 14.8 42.8 25.2
1.4 7.5 39.6 33.6
15.4 29.7 26.4
2.4 2.2 2.4
8.9 4.6 2.97 0.63
3.0 8.9 2.89 0.66
6.9 9.8 3.04 0.58
10.1 2.2 4.4 2.40 0.89
1.9 1.2 7.9 NC NC
LM 1172
0-1.5
1.5-3.0
3.0-4.5
4.5-6.0
6.0-7.5
7.5-9.5
9.5-11.0
11.0-11.5
11.5-12.5
1.1
0.3
0.7
0.6
19.7
0.2
0.1
0.3
0.2
1.4
1.1
3.4
1.2
0.3
0.3
0.3
0.8
0.6
3.1
4.7
0.3
0.3
0.1
0.4
0.5
1.6
7.6
0.2
1.2
0.1
0.2
0.3
0.7
0.6
0.1
0.1
0.1
0.2
0.7
1.6
0.1
0.1
0.1
0.1
0.1
0.7
1.8
0.1
0.1
0.1
0.1
0.1
0.1
0.5
2.2
1.0 11.0 51.9 27.8
0.1
0.2
0.3
3.5 4.0
5.4 34.6 39.0 5.5 12.2
2.0 30.4 48.0 8.7 8.7
1.3 24.3 52.5 10.8 8.7
0.2 0.5 9.4 63.8 15.5 6.5
0.3 4.2 55.9 19.4 16.5
0.1 4.2 55.0 21.0 19.2
0.3 0.3 5.2 41.8 12.5 9.2
1.0 4.0 2.9 2.2 0.9 61.0
2.89
3.14
3.18
3.23
3.31
3.50
3.57
*1.49
NC
0.40
*0.60
0.41
0.43
0.39
0.48
11.0
NC
NC
LM 1173
1 0-1.5
2 1.5-3.0
3 3.0-4.5
0.5
0.1
0.2 0.1 0.1 0.2 0.2 1.2 14.3 53.8 21.1 2.1 5.2
0.1 0.1 0.1 0.2 0.4 23.5 49.0 17.4 1.4 5.9
0.2 0.2 0.3 0.5 1.2 8.0 53.5 28.0 2.6 5.0
2.83 0.53
2.74 0.67
2.89 0.45
LM 1174
0-0.4
0.4-1.2
1.2-2.0
2.0-2.9
2.9-3.8
3.8-5.0
0.3 0.1 0.1 0,.1 0.1 0.1 0.2 0.3 6.7 50.7 33.2 3.1 4.5 2.92
0,.1 0.1 0.3 1.3 5.7 47.2 39.7 4.1 1.1 2.94
0.1 0.1 0.1 0.2 7.1 55.1 30.2 3.0 3.7 2.90
0.1 0.1 0.2 0.8 4.0 60.1 27.0 4.0 2.5 2.92
0.1 0.1 0.2 6.8 55.4 29.8 2.9 3.8 2.91
0.1 0.1 0.2 7.2 52.3 30.8 2.5 5.3 2.93
0.38
0.33
0.34
0.30
0.35
0.43
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LM 1175 "
U.S. Standard Sieve Number
( I'Lw Aaw ,\^ , ^Lw 14 18 " 35 45 60 80 12 ° 17 ° 230 Pan(-2.5d»)<-2.0d>)<:-1.5<fa) (-1.00) (-0.50) (00) (0.50) (1.00) (1.50) (2.00) ( 2.50) (3.00 ) (3.50) (4. 00) (<4.O0)
Sample (ft) r,=™i
V6ry c°arse
„
Very fine Silt, Mean Sorting
—
travel san° Coarse sand Medium sand Fine sand sand clay (0) (0)
1 0-1. S — 0.1 0.2 0.9 3.9 12.3 66.8 14.5 3.1
2 1.5-3.0 — 0.4 0.4 0.2 0.2 0.9 1.1 0.7 0.4 0.3 0.3 3.2 52.
3 3.0-4.5
— 0.4 0.4 0.4 0.3 0.2 0.2 0.3 0.5 1.1 1.9 5.6 54.5 18.8 15.1
4 4.5-6.0 1.7 0-5 0.6 0.4 0.2 0.2 0.2 0.1 0.1 0.4 5.1 55.5 20.7 13.7
LM 1176
1 0-1.5
LM 1177
LM 1178
3 3.0-4.5
4 4.5-6.0
5 6.0-7.0
LM 1179
LM 1180
LM 1181
3.32 0.38
20.1 12.9 3.55 *0.52
3.48 *0.60
3.44 0.51
0.10 00.1
2 1.5-3.0 o
0.5 5.5 57.8 25.0 10.1 3.41 .29
0.3 0.4 0.2 0.2 0.2 0.2 0.2 0.3 4.1 55.8 22.6 15.2 3.51 *0.49
3 3.0-4.5
0.1 0.1 0.1 0.1 0.1 0.4 4.7 47.1 23.8 22.8 3.70 NC
1 0-0.5 — 6~
0.2 1.5 4.0 10.3 60.1 18.0 5.0 3.36 0.36
1A 0.5-1.5 - 0.3 0.1 0.5 1.2 6.2 56.7 21.6 12.7 3.46 *0.45
2 1.5-3.0 — 0.1
1.0 7.0 50.5 22.9 17.8 3.54 *0. 51
3 3.0-4.5
4 4.5-6.0 — 0.1
0.2 0.1 0.1 0.1 0.1 0.1 1.9 6.8 51.1 20.4 18.7 3.56 *0.58
0-1 0.1 0.1 1.8 9.1 48.2 21.5 18.5 3.55
1 0-1.5 --
2 1.5-3.0 — 0.1 0.1 0.1
2.1 1.6 1.5 1.5 0.2 0.2 0.2 0.2 0.2 2.0 8.9 52.5 16.0 17.6
1 0-1.5 — 0.2
2 1.5-3.0 — 0.4 0.1
3 3.0-4.5 —
0.1 0.1 0.1 0.3 0.7 7.4 55.5 23.7
°- 1 ° °-l 0.1 0.2 0.4 0.2 5.8 35.7 38.3
0.1 0.2 0.5 1.4 2.3 11.0 56.3
1 0.2-1.1 — 0.1 0.2
2 1.1-2.2 — 0.2
3 2.2-3.8
4 3.8-4.8
0.4 0.6 0.7 0.7 0.9 1.6 7.8 39.3 32.6
0.3 0.4 0.3 0.3 0.4 2.2 13.7 49.3 23.3
0.2 0.5 0.4 0.4 0.6 1.9 9.2 43.9 28.9
0.2 0.3 0.7 0.9 0.9 1.2 5.5 31.9 32.2
2 3.0-4.5 0.2 0.1 0.2 0.2 0.3 0.5 0.9 22.2 48.0 17.6
J 4.5-6.0 — 0.3 1.9 1.3 0.1 °- 3 °- 4 °- 4 0.4 11.2 46.2 20.1 3.3 13.3
*0.58
0.1 0.2 0.5 0.9 2.6 sTo 13^4 ioTi HI 71 3T2I 0T44"
0.2 0.4 0.5 0.3 0.3 0.8 4.9 57.5 21.8 12.3 3.48 *0.43
1.2 0.1 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.3 3.5 48.6 30.6 13.9 3.51 *0.43
0.6 0.6 0.7 0.6 0.7 0.6 0.7 0.6 1.0 1.6 5.3 54.1 22.5 9.8 3.39 0.60
3.34 *1.07
4.2 7.4 2.94 0.48
6.6 10.0 3.12 *0.68
5.3 12.1 3.40 *0.54
6.1 8.8 3.01 0.61
4.8 4.3 2.85 0.49
3.7 10.4 2.94 *0.63
5.5 20.3 3.41 NC
1.5-3.0 - 0.1 0.4 0.4 0.6 0.5 ^7 ~s Zi ~6 26.7 43.2 15.9 Zl ~S 2^ ^
2.0 8.6 2.78 *0.59
3.00 NC
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